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WATER  REQUIREMENT  AND  ADAPTATION  IN 
EQUISETUM 

LOUISE  DOSDALL 

University  of  Minnesota,  Minneapolis,  Minn. 

I.  INTRODUCTION 

A  study  of  the  water  relations  of  Equisetuni  was  undertaken 
to  throw  light  upon  the  nature  of  bog  xeroph>ies  and  the 
successional  relations  of  Eqimetiim  in  the  hydrosere  and  paleosere. 

The  functional  responses  of  a  plant  to  the  water  content  of  its 
habitat  determine  the  xerophily  of  the  plant.  Usually  the  im- 
press of  an  extreme  habitat  is  recognizable  at  once  in  the 
structure  of  the  plant.  This,  however,  is  not  always  the  case. 
In  the  group  of  plants  known  as  bog  xerophytes  many  of  the 
members,  while  superficially  exhibiting  xerophytic  structures, 
also  show  characteristics  of  hydrophytes,  namely,  large  air- 
spaces antl  diaphragms.  Moreover,  these  plants  grow  in  the 
same  hal^itat  with  true  hydrophytes  such  as  Sagittarui,  Ranun- 
culus, and  CaUha  (Clements  1907:  168).  Wliile  the  nature  of 
the  habitat  has  been  subjected  to  much  in\-estigation,  very  little 
inquiry  has  been  made  as  to  the  nature  of  the  plants  them- 
selves. The  purpose  of  this  experimental  study  of  the  water 
reciuirements  and  adaptations  of  Equisetum  was  to  detennine 
whether  this  plant  is  a  xerophyte  as  has  been  supposed,  or 
whether  it  is  truly  a  hydrophyte  as  its  habitat  suggests. 

The  problem  was  suggested  by  Dr.  F.  E.  Clements  and  the 
work  was  carried  on  under  his  direction.  The  writer  gratefully 
acknowledges  her  indebtedness  for  the  many  helpful  suggestions 
in  carrying  out  the  work.  Acknowledgments  are  also  offered 
Miss  Frances  Long  for  the  detenninations  of  photosynthate  antl 
to  Mr.  tJorm  Loftfield  for  the  night  readings  on  the  position  of 
the  stomata. 
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SUMMARY    OF    VIEWS    AS   TO    BOG    XEROPHYTES 

(1)  IVIuch  emphasis  has  been  i)laced  u]K)ii  th(>  jili^siological 
aridity  of  bog  habitats  and  its  causes,  but  as  yet  an  adeciuate 
explanation  has  not  been  found.  It  is  generally  believed  that 
the  water  a^•ailable  for  plant  use  is  limited  in  certam  zones 
(Burns  1911:  106)  characterized  by  xeromorphic  plants.  Clem- 
ents (1916:  90),  however,  questions  the  theory  of  physiological 
drought,  while  Gates  (1914:  455)  has  shown  that  winter  is  the 
deciding  factor  in  the  xerophily  of  the  most  ty])ical  of  the  bog 
plants,  namely  the  evergreen  heaths. 

Schiinper  (1899:  6)  pointed  out  the  difference  between  physical 
and  physiological  dryness.  The  latter  is  attributed  to  high  con- 
centrations of  salt  and  humous  acids  in  the  water  (1898:  691). 
This  suggested  to  Livingston  "that  if  the  physiological  dryness 
of  the  bog  be  due  to  hmnous  acids  or  humous  salts,  these  sub- 
stances may  check  the  absorption  of  water  by  plants  either 
physicalh'  by  high  osmotic  pressure  or  chemically  by  toxic  or 
stunulation  effects"  (1904:  383).  He  therefore  made  a  study  of 
the  osmotic  pressure  of  a  series  of  bog  waters.  He  found 
practically  no  difference  in  the  osmotic  pressures,  and  concluded 
that  bog  watei's  do  not  have  an  a])preciably  higher  concentra- 
tion of  dissolved  substances  than  do  the  streams  and  lakes  of 
the  same  region. 

Livingston  (1905:  348)  later  made  an  investigation  of  the 
physiological  properties  of  bog  waters  by  gi'owing  an  alga 
(Sligeocloninm)  in  them  and  found  that  "many  bog  waters  act 
upon  the  plant  like  poisoned  solutions."  He  says,  "The  stunu- 
lating  substances  are  most  markedly  present  in  water  from  those 
swamjjs  whose  vegetation  is  most  definitely  of  the  bog  tji^e. 
They  are  absent  from  river  swamps  and  large  lakes;  in  water  from 
swamps  whose  vegetation  is  of  a  character  intermediate  between 
those  of  the  river  swamp  and  the  bog,  they  are  present  to  some 
degree,  their  amount  l)eing  roughly  projiortional  to  the  extent 
of  the  xcrophilous  character  of  the  vegetation." 

Daclmowski  ( 1910:  339)  has  extended  the  toxic  theory.  From 
;i   study  of  physiological  ariditj-,  he  concludes  that   "the  real 
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determining  factor  in  the  bog  habitat  is  the  ratio  of  the  possible 
rate  of  water  absorption  to  the  rate  of  transpiration,  and  that 
the  toxicity  of  the  bog  habitat  has  a  primary  role  in  bringing 
about  bog  conditions."  From  his  study  of  cultures  of  isolated 
bog  bacteria  he  concludes  that  bacterial  toxins  are  the  leading 
factor  to  be  considered  in  the  physiological  aridity  of  bogs. 

Rigg.  (1913:  310)  from  his  investigation  of  the  effect  of  bog 
waters  on  the  root -hairs  of  Tradescaniia,  suggests  that  "the 
toxins  act  through  their  stunting  effect  on  root-hairs."  In 
other  words,  plants  which  grow  in  bogs  can  have  only  a  low 
absorptive  power. 

The  conclusion  of  these  writers  is  that  the  xerophily  of  bog 
plants  is  due  to  the  toxic  effect  of  the  habitat. 

(2)  Xerophijtic  nature  due  to  persistence  of  stable  structures 

Clements  (1905:  126)  holds  the  view  that  many  of  the  so- 
called  swamp  xerophytes  are  nf)t  xerophytes  at  all,  but  are 
plants  which  have  developed  their  xerophytic  features  while 
growing  on  dry  land.  They  have  subsequently  been  able  to 
adjust  themselves  to  present  conditions  without  undergoing  a 
corresponding  change  in  structure.  His  view  is  based  upon  the 
presence  of  hydroph>i:ic  structures  in  the  plants  and  the 
association  of  the  plants  with  typical  hydrophytes. 

(3)  Winter  xerophily  among  plants 

Gates  (1914:  445)  has  made  a  very  thorough  study  of  the 
nature  of  the  evergreen  heaths  growing  in  bogs,  principally 
Chamwdaphne,  and  concludes  that  "in  view  of  the  fact  that 
exposure  to  the  very  extreme  sunruner  conditions  in  1911  and 
1912  did  not  affect  the  vitality  of  the  evergreen  ericads,  that 
neither  did  the  average  winter  of  1910-1911,  with  its  scanty 
snow  covering  during  the  coldest  weather,  while  the  extreme 
winter  of  1911-1912  killed  the  parts  of  the  evergreen  ericads 
which  projected  above  the  snow;  and  in  view  of  the  fact  that  the 
evergreen  habit  is  hcreditar\',  that  the  position  of  the  leaves  in 
winter  is  different  from  that   in  suimner,  and  that  the  trans- 
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piration  is  decidedly  less  than  that  of  deciduous  shrubs  and  of 
herbaceous  plants  in  summer,  but  greater  in  winter,  the  xero- 
morphy  of  these  plants  is  real  xerophyty,  occasioned  funda- 
mentally by  the  necessity  of  protection  when  exposed  to  winter 
conditions  and  used  advantageously  by  these  plants  during  the 
summer. 

2.    SUCCESSIONAL  RELATIONS  OF  EqUISETUM 

(1)  In  the  Hydrosere 

Equisetum  is  found  in  such  a  wide  range  of  places  that  its 
natural  position  in  the  development  of  vegetation  is  somewhat 
puzzhng.  From  Clements  (1916:  184-278)  summary  of  climax 
formations  we  find  that  Shaffner,  Jennings,  and  Tyler  in  their 
descrijition  of  the  concentric  zones  about  Brush  Lake  in  Ohio 
found  Equisetum  flianatile  in  the  swamp  zone  along  with  Carex 
and  Scirpus.  Cowles  in  sketching  the  general  course  of  suc- 
cession on  rock  hills,  sand  hills,  clay  hills,  and  lake  bluffs  found 
the  secondary  succession  on  the  lake  bluff  beginning  with 
xerophytic  herbs  such  as  Melihtus,  Aster,  Equiscimr},  and 
various  grasses.  Resoll  found  a  pool  which  in  1898  contained 
little  but  Sparganium  minimum  a  dense  mass  of  Equisetum 
fluriatile  in  1912.  Burns  (1911:  106)  in  his  description  of  the 
distribution  and  position  of  zones  in  the  bogs  of  southern  ^lichi- 
gan  gives  Equisetum  fludatile  as  a  member  of  the  floating  sedge 
zone.  This  together  with  the  two  succeeding  zones,  bog  and 
tamarack,  is  called  the  xerophytic  region  of  the  habitat.  Berg- 
man and  Stallard  (1916:  339)  reported  Equhetum  flimalile  often 
occurring  as  a  socies  in  the  Scirpus-Zizania  associes.  "In 
places  it  fonns  rather  extensive  areas  of  pure  growth,  notably 
on  Leech  Lake  near  the  mouth  of  Boy  river  and  at  the  west  end 
of  Long  Lake  near  Ely.  Usually,  however,  Equisetum  occurs 
mixed  with  other  species  of  the  associes."  It  is  also  reported 
among  the  plants  often  occun-ing  in  small  numbers  in  the  Varex 
associes. 
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(2)  //;.  the  Paleosere 

Equisetums  reached  their  most  luxuriant  growth  during  the 
Penusylvanian  Period  of  the  Carboniferous  Age.  The  Culamiles, 
great  tree-hke  equisetums  one  to  two  feet  in  diameter  and  often 
sixty  to  ninety  feet  in  height,  are  reported  by  Grand  Eury  to 
have  fonned  great  forests  in  Central  France.  According  to 
Chamberlin  they  probably  frequented  swamps  and  lowlands. 
The  evidence  of  the  present  day  water  relations  of  Equisetum 
substantiates  the  view  of  Clements  (1916:  421)  that  the  reed 
swamp  associes  of  today  was  probably  represented  by  the 
smaller  Calamites  in  the  paleosere. 

(3)   The  climate  of  the  Carbonifei'oits  age 

The  following,  from  Chamberlin  and  Salisbury,  is  a  summary 
of  the  plant  life  of  the  Pennsylvanian  Period  and  the  inference 
as  to  climate.  The  Coal  Flora  was  made  up  of  the  following 
groups  of  plants:  Filicales,  CycadofiUces,  Equisetales,  Sphen- 
ophyllales  and  Lycopodiales.  Equisetales  were  represented  by 
Calamites,  whose  branches  and  leaves  were  arranged  in  whorls. 
The  leaves  were  much  reduced  in  size  but  not  so  much  so  as  in 
the  present  day  forms.  "The  structure  was  of  the  type  adapted 
to  dry  weather  as  in  the  pine  and  many  desert  plants,  and  also, 
strangely  enough,  in  undrained  swamp  plants.  They  (Calam- 
ites) probably  frequented  swamps  and  lowlands."  The  opinion 
of  some  geologists  is  that  the  climate  of  this  period  was  more  or 
less  dry  and  cold.  Their  judgment  is  based  on  the  xerophytic 
nature  of  the  dominant  plants,  the  lepidodendrous,  sigillarias, 
calamites,  and  cordaites. 

"The  force  of  the  inference  from  the  xerophytic  aspect  of 
the  overgrowth  is  much  weakened,  however,  by  the  fact  that  the 
vegetation  of  undrained  swamps  and  bogs  assumes  many  of 
these  xerophytic  features,  which  in  such  cases,  obviously  become 
pseudoxerophytic.  A  satisfactoiy  explanation  of  this  phenome- 
non has  not  yet  been  found,  nor  has  its  extent  and  its  limitations, 
either  in  respect  to  the  nature  and  degree  of  swampiness  neces- 
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sary  to  produce  it,  or  in  respect  to  the  kind  of  plants  or  plant 
parts  affected,  been  so  thoroughly  worked  out  as  to  permit  a 
close  application  to  the  problem  in  hand.  It  is  obvious  that 
to  fit  the  case,  marsh  or  bog  conditions  must  have  produced 
pseudoxerophytic  adaptations  in  the  great  mass  of  the  tree 
growth,  but  not  in  ferns  and  spenophyllous  plants.  The  effects 
nnist  apparently  also  be  extended  to  all  plants  brought  into  the 
depositing  basins  by  drainage,  whether  these  were  true  swamp 
plants  or  not,  unless  a  closer  study  of  the  coal  flora  shall  .show 
that  the  xerophytic  aspect  was  not  assumed  by  all  species  of 
the  trees  involved.  It  is  clear  that  a  more  critical  study  of  the 
problem  on  all  sides  is  necessary  before  a  final  conclusion  can  be 
reached." 

Dachnowski  (1912:  278)  questions  this  theoiy  on  the  ground 
that  the  plants  encountered  ad^•e^sities  of  soil-water  content 
rather  than  of  climate. 

II.  MKTHODS 

The  general  plan  followed  was  to  make  a  ((uantitative  com- 
parison of  the  water  used  by  Equisetum  and  that  used  by  certain 
other  plants  of  well  known  habits.  The  latter  include  Bryo- 
phyllum  calycinum,  a  xerophyte,  Helianthiis  annuus  and  Phaseo- 
lus  vulgaris,  mesophytes,  and  Rammculus  sceleratus,  an  am- 
phibious hydrophyte.  Under  the  term  "water  requirements" 
the  water  used  in  various  ways  by  the  plant  is  included,  the 
purpose  being  to  deteimine  whether  in  its  physiological 
processes  Equinclutn  uses  more  or  less  water  than  the  other 
plants. 

(1)    SOURCE  OF  PLANTS 

In  the  spring  of  1910  attempts  were  made  to  transplant  the 
fertile  stems  of  Equisetum  urrcnse  into  glazed  pots  in  order  to 
compare  their  rates  of  transpiration.  No  matter  how  carefully 
the  plants  were  taken  up  or  how  little  the  soil  was  distm'bed, 
they  wilted  ahnost  as  soon  as  they  were  put  in  the  gi-eenhouse. 
This  may  be  accounted  for  by  the  fact  that  the  rootstocks  of 
this  species  grow  very  deep  into  the  gi'ound  and  it  was  always 
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necessary  to  cut  the  underground  stems.  In  a  few  cases  dor- 
mant buds  on  the  plants  transferred  developed  into  plants  of 
moderate  size.  This  suggested  that  it  would  be  necessary  to 
dig  up  the  stems  before  the  spring  growth  started,  but  by  this 
time  it  was  too  late  to  find  any  more  buds. 

Early  in  June  similar  attempts  were  made  to  transjjlant 
Equiseiiim  hyernale  with  similar  results.  In  one  case  a  block  of 
soil  twelve  inches  in  tliameter  and  eighteen  inches  deep  was  cut 
out  and  carefully  lifted  into  a  large  jar.  This  was  done  on  a 
rainy  day  when  conditions  were  ideal  for  transplanting,  but  by 
the  next  day  the  plants  were  wilted.  A  trench  was  then  dug 
in  order  to  trace  the  root  systems.  Underground  stems  were 
frequent  at  a  depth  of  two  feet,  although  most  of  them  were  in 
the  first  twelve  to  fifteen  inches  of  soil.  Roots  were  traced  to  a 
depth  of  three  feet  and  one  inch  from  which  point  they  were 
submerged  in  the  water  of  an  underground  spring. 

Potometers  with  cut  stems  of  Equisetum  hyernale  were  then 
tried  but,  although  there  were  no  signs  of  wilting,  the  rate  of 
transpiration  decreased  so  rapidly  and  steadily  that  this  method 
was  discarded  as  unreliable.  The  only  possible  solution  seemed 
to  be  to  get  the  buds  on  the  underground  stems  during  their 
resting  period. 

During  October  and  November  large  clumps  of  earth  matted 
together  with  the  root  stocks  of  Equisetum  flimatile  were  dug 
from  the  edge  of  a  tamarack  swamp  near  Glenwood  Park,  Minne- 
apolis and  brought  to  the  greenhouse.  Profiting  by  past 
experiences,  pieces  of  soil  were  cut  to  just  fit  into  their  pots  but 
it  was  soon  found  that  too  much  competition  between  the  many 
Equisetum  stems  and  other  plants  in  the  soil  was  hindering 
good  growth.  Other  Equisetum  buds  were  then  carefully  sepa- 
rated from  the  soil  in  which  they  had  grown  and  planted  in 
porous  pots  containing  ordinary  garden  loam.  The  stems  began 
coming  up  at  once  and  very  good  plants  developed  in  the  course 
of  six  weeks.  Some  of  the  material  brought  in  from  the  swamp 
was  covered  with  a  sack  and  left  out  in  the  yard  all  winter.  In 
March,  when  the  frost  was  beginning  to  leave  the  ground,  these 
were  brought  in  and  planted  in  loam  just  as  the  others  had  been. 
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In  some  cases  these  spring  plants  grew  almost  to  the  full  size 
attained  in  the  field. 

During  the  latter  part  of  October  some  Equisetmn  hyemale 
was  found  growing  in  the  glen  along  the  Mississipjii  ri\er  at 
Fort  Snelling,  Minnesota.  These  plants  were  gi-owing  on  the 
side  of  a  hill  in  deep  shade.  The  root  systems  p^o^•ed  to  be 
rather  shallow  and  when  the  plants  were  transfeired  to  the 
greenhouse  only  a  few  of  the  stems  turned  yellwv.  Throughout 
the  winter  abundant  new  shoots  developed  while  most  of  the 
old  stems  died  down  towards  January.  Equisetmn  arvense  was 
dug  early  in  April.  Ranunculus  sceleratus  was  grown  from  seed- 
lings, which  Mr.  Folsom  of  the  Botanical  Department  of  the 
Uni\'ersity  had  growri  in  mud  for  a  niunber  of  generations.  The 
])lants  of  Bryophyllum  calycinum  were  cuttings  from  plants 
which  had  grown  in  the  gi-ccnhouse  for  a  munber  of  years. 
Helianthus  annuus  and  Phaseolus  indgaris  were  grown  from  seeds. 

(2)    WATER  CONTENT  METHODS 

In  detennining  the  wilting  coefficient  of  Equiselum  Jluviatile, 
and  Ranunculus  sceleratus  essentially  the  same  wax-seal  method 
recommended  by  Briggs  and  Shantz  (1912:  10)  for  the  direct 
detennination  of  the  wilting  point  was  used.  The  plants,  how- 
ever, were  grown  approximately  six  weeks  in  soil  sifted  through 
a  two  millimeter  screen  before  being  sealed  for  wilting.  The 
exact  time  elapsing  before  the  seal  was  applied  differed  with  the 
season  because  the  jjlants  started  in  spring  gi-ew  nmch  more 
rapidly  than  those  started  in  fall.  Through  an  inad\-ertence 
Equisetum  hyemale  growing  in  sandy  loam  was  used  for  the 
wilting  coefficient  and  consequently  a  direct  comiiarison  with 
the  others  cannot  be  made. 

In  most  cases  Equisetum  wilts  very  suddenly,  the  collapse  of 
the  upper  part  of  the  plant  indicating  that  the  critical  iioint  in 
the  absorjition  of  water  has  been  reached.  Very  similar  wilting 
effects  result  from  other  causes.  If  the  wax  is  too  warmwhen 
put  around  the  stem  the  latter  is  injured  and  the  whole  plant 
collapses.     This  can  l)c  distinguished  from  tnir  wilting  l)y  the 


Fig.  1.  A.  I'liaxeahis  riihjdn'x  in  the  same  ])cjts  ■..  : 
arveuse  ami  E.  fluriatile.  to  determine  the  time  of  wilting.     H.  Ilii,,nili'i,s  ,i„t,:ms 
in  the  same  pots  with  Equisehim  hycmale,  E.  arvense,  and  E.  flmnalile,  to  de- 
termine the  time  of  wilting. 
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collapse  of  the  tissue  at  the  point  of  sealing.  A  daniping-off 
fungus  also  produces  a  sudden  wilting,  but  in  this  "case  the  stem 
always  shows  decay  at  the  surface  of  the  soil.  In  wilting  due 
to  lack  of  water  in  the  soil,  the  top  of  the  plant  collapses  first 
and  the  stem  is  not  injured  at  the  surface  of  the  soil  or  at  the 
point  of  sealing. 

Raniincidus  sceleratus  on  the  other  hand  has  no  definite  wilting 
point.  The  time  of  the  yellowing  of  the  first  leaves  of  the 
rosette  varies  from  four  to  eight  days.  By  the  time  theyounger 
parts  wilt  the  older  parts  are  completely  dead.  .\s  these  parts 
continue  to  draw  water  from  the  soil  and  evaporate  it  from 
their  leaves  (Briggs  and  Shantz  1912:  47),  the  coefficients  are 
too  low. 

The  relative  time  of  wilting  was  compared  witli  that  of  meso- 
ph^iies  such  as  Helianthus  annuus  and  Phaseolus  rulgaris  by 
growing  them  in  the  same  pots  (fig.  1)  and  allowing  them  to 
wilt.  In  some  cases  the  Equiselum  and  the  beans  and  sun- 
flowers were  started  in  the  same  pots,  in  others,  plants  from  ten 
to  twelve  days  old  were  transplanted  into  the  same  pots,  care 
being  taken  to  injure  the  roots  as»little  as  possible.  Two  weeks 
were  allowed  for  the  plants  to  establish  themselves  and  de\elop 
good  root  systems  before  sealing. 

(3)    TRANSPIRATION  METHODS 

Water  loss  by  the  plant  was  detennined  by  weighing  jwtted 
7)lants  as  this  is  the  most  convenient  and  reliable  of  the  several 
methods  for  measuring  transpiration.  The  plants  were  either 
sealed  in  glazed  pots  or  in  Cianong  aluminum  shells.  The  wax 
used  as  a  seal  was  made  of  twenty  parts  of  \aseline  to  eight 
parts  of  paraffin,  the  formula  recomniendeil  b>-  Briggs  and 
Shantz  (1912:  13).  In  cases  where  the  wax  was  to  be  put  directly 
on  the  soil,  a  piece  of  paper  was  cut  to  fit  neatly  over  the  top  of 
the  pot,  dipped  into  the  melted  wax,  and  fitted  in  place.  The 
edges  were  sealed  by  pouring  more  wax  <)\er  the  sin-face  and 
slightly  tipping  the  pot  so  that  it  woukl  run  u]i  the  sides.  The 
object  of  the  jiaper  was  to  prevent  the  wax  from  creeping  into 
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the  soil  when  heated  by  the  sun's  rays,  'i'hc  ])lants  themselves 
are  very  sensitive  to  heat  so  that  the  wax  cannot  be  applied  near 
the  stems  until  it  has  cooled  sufficiently  to  form  a  scum  o\-er  the 
surface.  The  waxed  paper  also  pi-o\-ed  a  satisfactory  substitute 
for  rubber  on  the  (ianong  shells. 

The  plants  were  grown  in  loam  which  had  lieen  sifted  tlirough 
a  two-millhneter  screen  in  order  that  absori^tion  by  the  roots 
would  be  as  nearly  unifomi  as  possible.  Records  of  humidity 
and  temperature  during  each  experiment  were  made  by  a  Draper 
self-recording  hygrometer  and  thennometer. 

The  transpiration  of  two  or  more  plants  was  compared  on  the 
basis  of  the  number  of  grams  of  water  lost  per  unit  area.  The 
stem  and  branches  of  Equisehmi  are  almost  cylindrical  so  that 
the  detennination  of  the  area  of  the  surface  was  comparatively 
simple.  The  diameter  of  a  stem  was  measured  with  a  vernier 
micrometer  at  the  middle  of  the  lowest  and  topmost  intemodes. 
These  represented  the  extremes  in  size,  and  from  the  average, 
the  average  circumference  of  the  stem  was  calculated.  This 
muhiphed  by  the  length  of  the  stem  gave  the  area  of  the 
surface. 

Leaf  areas  were  found  in  two  ways,  by  the  j)lanimcter  and  l)y 
weighing  paper  prints.  Leaves  with  comparatively  sim])le  out- 
lines were  traced  on  paper  and  these  retraced  with  the  planmi- 
eter.  After  practice  this  could  be  done  readily  and  the  average 
reading  of  three  tracings  was  recorded.  This  method  has  the 
advantage  of  giving  the  area  directly  but  also  has  disadvantages 
in  that  the  square  inches  must  be  con^'erted  into  scjuare  deci- 
meters, and  that  it  is  difficult  to  trace  leaves  with  very  toothed 
margins.  In  the  paper  weighing  method  either  tracings  or  blue 
prints  of  the  leaves  were  made  and  cut  out  with  a  scissors.  The 
weight  of  these  prints  divided  by  the  weight  of  one  square 
decimeter  of  the  same  paper,  multipUed  by  two  gave  the  trans- 
piring areas  of  the  leaves.  Table  1  shows  how  the  two  methods 
check  with  one  another. 

This  comparison  of  the  two  methods  shows  an  average  differ- 
ence of  only  three  hundredths  of  a  square  decuneter.     This  was 
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TABLE  1 
Comparison  of  ■pianimeter  and  weighing  methods  of  determining  leaf  areas 


PAPER  WEIGHT  METHOD 

PLANIMETER  METHOD 

DIFFERENCE 

Wt.oflsq.d.m. 
paper  (grams) 

VVt.  of  leaf 
prints  (grams) 

Areasq.  d.  m. 

Area  aq.  in. 

Areasq.  d.  m. 

Sq.d.m. 

0.500 

0.5.53 
0.538 

0.18 
0.26 
0.44 

0.72 
1.04 
1.65 

10.72 
16.60 
26.04 

0.69 
1.07 
1 .  65 

0.03 

0.03 
0.03 

Average  a 

Average  c 

Error 

1.14  sq.d.m. 
0.03  sq.d.m. 
3% 

, 

consi(iere(l  so  small  that  the  two  methods  might  be  used  inter- 
changeably. \Miichever  method  was  the  more  convenient  under 
the  circumstances  was  used  to  detennine  the  areas. 


(4)    PHOTOSYNTHESIS    METHODS 

To  detennine  the  efficiency  of  Equisetum  as  compared  with 
that  of  other  plants  with  respect  to  the  activity  of  the  chlo- 
renchjTna  in  the  manufacture  of  carbohydrates,  detenninations 
of  the  amounts  of  glucose  present  in  the  stem  in  the  morning 
and  e\'ening  were  made.  During  the  same  period  a  record  was 
kept  of  the  transpiration  and  the  results  correlated.  The 
chemical  analyses  were  made  by  Miss  Long  according  to  a 
modification  of  the  IVIunson-Walker  method  of  testing  for 
glucose. 

(5)    ADJUSTMENTS   AND   ADAPTATIONS 

The  adjustments  of  a  ])laiit  to  the  physical  factors  of  its 
habitat  are  most  strikingly  shown  in  the  physiological  responses 
of  growth  and  transpiration  to  light  and  to  the  water  content  of 
the  soil.  To  detennine  the  effect  of  soil-water  content  ujwn 
growth,  Equiselu7ti  fliiviatile  was  grown  with  roots  submerged  in 
water,  in  mud,  and  in  a  soil-water  content  of  35*/(,.  All  other 
factors  were  kept  unifonn  by  using  the  same  volume  of  the 
same  type  of  .soil  siflcd  t!iiiiu;;li  a  '_'  nun.  scre(Mi.     Tin-  iilnuts 
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stood  beside  each  other  in  the  greeiiliouse  bench  so  that  they 
were  subjected  to  the  same  conditions  of  temperature,  humidity 
and  hght.  The  intensity  of  hght  in  another  group  of  plants 
was  varied  by  placing  plants  in  a  muslin  shade  tent  which  cut 
down  the  light  to  0.3%  as  measured  by  a  photometer.  Plants 
in  the  bench  receiving  nonnal  sunhght  in  the  greenhouse,  or  50% 
full  sunlight,  served  as  checks. 

A  study  of  the  position  of  the  stomata  was  made  according 
to  the  method  worked  out  by  Lloyd  (1908:22).  Thin  slices  of 
epidermis  were  cut  out  from  the  surface  and  plunged  into  abso- 
lute alcohol.  Before  using,  the  sections  were  transferred  to  a 
saturated  solution  of  Congo  red  in  absolute  alcohol.  After 
several  days  they  were  examined  under  the  microscope.  The 
stain  deeply  colored  the  cell  walls  so  that  the  opening  between 
the  guard  cells  is  easily  observed. 

Cross  sections  of  the  stems  which  had  grown  under  varying 
soil-water  contents  for  four  months  were  made  with  the  freezing 
machine  and  examined  for  structural  modifications.  Strips  of 
epidennis  were  also  studied  for  the  number  of  stomata. 

(To  be  continued) 


VOLNEY  MORGAN  SPALDING 

HOWARD    S.    REED 

University  of  California 

Graduate  School  of  Tropical  Agriculture,  Riverside,  California 

One  of  the  builders  of  American  botany  passed  from  this  life 
on  November  12,  1918.  Professor  Spalding  was  a  member  of 
the  botanical  staff  of  the  University  of  Michigan  for  twenty-eight 
years,  and  for  most  of  this  period  was  head  of  the  department. 
His  was  a  life  characterized  by  usefulness  in  science  and  by  inspi- 
ration to  his  followers.  As  a  pioneer  teacher  and  in\-estigator  in 
science  he  shared  the  onerous  labors  of  a  fe\s-  conu-ades  as  his 
name  is  now  honored  by  many. 

Possessing  a  charming  personality  and  an  unciuenchuble  spirit 
of  optimism,  he  promoted  industry  and  harmony  among  his  stu- 
dents upon  whom  he  impressed  his  own  remarkable  zeal  for  the 
truth. 

In  his  Ijoyhoud  his  parents  moved  from  western  New  York  to 
a  farm  near  Ann  Arbor  where  he  grew  to  manhood.  The  sound 
of  the  college  bells  called  him  from  the  farm  to  the  class  rooms  in 
which  he  spent  most  of  his  subsequent  life.  He  graduated  from 
the  University  in  1873  and  taught  for  a  few  years  in  the  High 
School  of  Battle  Creek,  Michigan.  In  187(5  he  took  up  the  work 
in  botany  in  the  University  of  Michigan  which  he  followed  until 
1904.  Twice  during  this  time  he  visited  European  universi- 
ties for  advanced  study  and  in  1894  recei\(Hl  the  degree  of  Ph.D. 
from  Leipzig. 

During  much  of  the  time  of  his  professorship,  the  University 
of  Michigan  was  developing  what  was  then  a  new  idea,  viz;  a 
coordinated  system  of  public  education  l)eginning  with  the  primer 
and  ending  with  the  collegiate  degree.  The  univ(>rsity  had  to 
meet  the  responsibility  of  training  teachers  for  the  secondary 
schools  if  the  system  was  to  be  a  success,  since  it  could  not  accept 
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the  poor  standards  formerly  prevailing.  Eotanj^  most  of  all 
subjects  in  the  high  school  curriculum,  needed  to  be  rescued  from 
its  friends  by  whom  it  wa'^  regarded  as  being  "especially  adapted 
for  edifying  the  minds  of  young  ladies"  in  seminaries,  and  was 
taught  by  instructors  whose  learning  did  not  extend  much  further 
than  Claytonia  virginica  and  Enjlhronium  americanum. 


VOLXEY  MORGAN   SPALDING 

One  of  Professor  Spalding's  gi'eat  services  lay  in  giving  scien- 
tific training  to  those  who  would  teach  natural  sciences  in  the 
secondary  schools,  and  in  insisting  that  botany  is  a  science  of 
such  great  usefulness  that  it  should  be  taught  by  one  who  was 
really  prepared  to  do  so.     To  appreciate  the  difficulties  of  scien- 
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tists  of  two  score  years  ago  we  must  remember  that  the  hxbora- 
tories  of  today  did  not  then  exist,  especially  in  the  young  inland 
universities.  Even  on  the  seacoast  the  "laboratories"  were  more 
likely  to  be  small  rooms  adjoining  the  herbarium  cases  in  which 
collections  of  dried  plants  were  taken  for  study  and  classification. 
Furthermore,  science  was  hardly  recognized  as  worthy  of  a  place 
in  the  curriculum,  by  either  students  or  faculty.  Professor 
Spalding  was  the  leader  of  a  small,  but  determined  group  of  sci- 
entists which  fought  for  years  before  they  succeeded  in  having 
work  in  the  natural  sciences  recognized  as  equal  in  educational 
value  to  classics  and  worthy  of  the  same  diploma. 

A  vivid  picture  of  his  early  laboratory  and  its  work  has  fortu- 
nately been  given  by  Professor  Spalding  himself: 

Twenty-five  years  ago,  in  one  of  our  northern  universities,  a  young 
instructor  with  a  single  assistant  was  engaged  in  the  rather  comprehen- 
sive task  of  teaching  botany  and  biology.  The  botany  consisted  in 
part  in  the  analysis  of  flowering  plants  by  means  of  Gray's  "Manual," 
and  in  studying  the  minute  anatomy  of  leaves,  stems,  and  other  parts 
of  plants,  which  the  literary  students  studied  under  the  name  of  structu- 
ral botany,  while,  with  a  strong  flavor  of  crude  drugs,  it  was  achnin- 
istcred  to  the  pharmacy  class  engaged  in  the  study  of  adulterants. 

As  for  the  books  used,  the  "Centralblatt"  was  not  in  existence,  but 
this  mattered  little,  for  neither  was  the  enormous  literature  it  has  since 
recorded.  The  "Botanische  Zcitung"  was  regularly  published,  but 
the  library  committee  had  no  use  for  it,  and  much  the  same  was  true  of 
most  of  the  periodicals  that  every  working  botanist  now  finds  indis- 
pensable; but  we  had  Sachs's  "Text-book  of  Botany"  and  the  big 
picture  book  of  LeMaout  and  Decaisne,  and  on  the  shelves  were  Sulli- 
vants'  "Icones  Muscorum"  ant!  dear  old  Berkeley,  and  Cooke's  "Brit- 
ish Fungi,"  with  all  their  impossibilities,  and  last  but  not  least,  the 
reports  of  the  govcnunent  microscopist ,  of  which  we  cannot  speak 
particularly. 

The  rest  of  the  outfit  was  in  kcci)ing.  .MicroscoiK's,  of  a  certain  sort, 
there  were,  but  no  other  apparatus.  Uazors  were  siiarpeneii  on  a  well- 
hacked  strap,  iodine  and  sulphuric  acid  constituted  the  reagents  and 
the  enthusiasm  of  fellow  adventurers  in  an  unknown  country  kept  up 
the  courage  of  young  men  and  women  who  walketl  by  faith  and  saw  but 
Httic 
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The  lierbarium  alcoves  were  gradually  enlarged.  New  ideas 
crept  in  and  brought  apparatus.  No  matter,  however,  whether 
equipment  was  scanty  or  ample,  his  students  learned  from  their 
teacher  the  nobility  of  honest  endeavor  and  caught,  in  some 
measure,  his  spirit  of  optimism. 

Professor  Spalding  rendered  another  great  service  to  the  state 
by  his  work  on  the  problems  of  forestry.  He  saw  the  lumberman 
remove  great  forests  of  pine  leaving,  too  often,  desolation  in  its 
place.  How  to  use  the  great  natural  resources  of  the  forests  with- 
out destroying  them  was  the  problem  which  he  met,  and  to  which 
he  devoted  years  of  hard  work.  He  spent  his  vacations  in  the 
woods,  travelled  about  the  state  at  his  own  expense,  talked,  wrote, 
agitated,  and  kept  the  issue  before  the  people.  Today,  the  cam- 
pus on  which  he  worked  possesses  a  modem  school  of  forestry  as 
one  of  the  fruits  of  his  labors.  WTiere  there  was  fonnerly  oppo- 
sition on  the  part  of  the  landowners  and  lumbermen  there  is  now 
cooperation  in  scientific  and  economic  investigation. 

Failing  health  compelled  Professor  Spalding  gradually  to  light- 
en the  weight  of  his  labors.  The  year  1898-1899  was  spent  in 
southern  California  in  recuperation.  Finally,  in  1904  he  was 
compelled  to  relinquish  entirely  his  work  in  the  department  at 
Ann  Arbor  which  he  had  spent  over  a  quarter  of  a  century  in 
building,  .\fter  another  year  spent  in  southern  California,  he 
joined  the  staff  of  resident  investigators  at  the  Desert  Botanical 
Laboratory  of  the  Caniegie  Institution  at  Tucson,  Arizona.  His 
labors  at  this  place  are  partially  embodied  in  his  monograph  on 
the  ''Distribution  and  Movements  of  Desert  Plants,"  a  note- 
worthy study  of  the  intricate  problems  of  vegetation  in  a  semi- 
arid  region.  Professor  Spalding  was  so  far  incapacitated  by 
rheumatism  that  in  1909  it  was  necessary  for  him  and  Mrs. 
Spakling  to  move  to  the  sanitarium  at  I>oma  Linda,  California, 
where  they  resided  until  his  death.  Though  suffering  from  severe 
physical  infirmities  his  mind  retained  its  youthful  vigor,  while 
his  spirit  radiated  hope  and  cheer  among  the  members  of  the 
sanitarium  for  nearly  nine  years. 

Professor  Spalding  was  president  of  the  Michigan  Academy  (  f 
Science  in  1897-1898  and  of  the  Society  foi-  Plant  Morphology 
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and  Phj'siology  in  1902.  He  was  for  many  years  an  associate 
editor  of  the  ''Botanical Gazette"  and  later  of  the  "Plant  World." 
In  1909  a  gi-oup  of  his  former  students  was  moved  to  prepare  a 
memorial  as  a  token  of  their  lasting  gratitude  to  their  honored 
teacher.  In  addition  to  sending  hun  a  congratulatory  message 
engraved  on  vellum  at  the  time  of  his  sixtieth  birthday,  a  bronze 
tablet  was  struck.     The  inscription  on  the  tablet  reads: 

VoLNEY  Morgan  Spalding 

In  c'ommonioration  of  the  twenty-eight  years  of  faithful  service  as 
teacher  of  botany  in  this  university  (1876  to  1904)  and  a.s  a  token  of 
love  and  gratitude  this  tablet  is  erected  bj'^  100  of  his  former  stud  nts. 

Per  naturae  opera  uientem  ad  hunianitatem  fingebat  atquc  virtutcin. 

Done  in  MCMIX. 

The  tablet  was  erected  in  a  prominent  place  in  the  recently 
completed  botanical  laboratory  at  .\nn  Arl)or.  It  was  formallj' 
dedicated  at  public  exercises  at  which  the  President  of  the  Uni- 
versity presided. 

To  those  who  knew  him,  however,  he  is  best  remembered,  not 
by  tablets  nor  by  monographs;  but  by  the  patient,  sacrificing 
toil  with  which  he  helped  to  build  .\merican  botanj-  and  by  the 
lasting  impression  made  on  the  lives  of  his  students.  The  ideals 
of  his  life  are  summed  up  in  a  few^  splendid  words  which  came 
from   his  own  pen: 

Service,  first  wrung  from  tlie  unwilling  slave,  then  the  free  will  olT(>r- 
ing  of  the  citizen  and  patriot,  is  now  the  honorable  goal  of  the  worker 
in  science   and    here  is  no  higher  end  to  be  attained. 
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Kai.nfall  axd  Plant  Distribution  in  Australia.  It  does  not 
require  long  experience  in  the  observation  of  plant  life  in  Australia  to 
realize  that  in  certain  features  it  is  peculiar.  Everj'where  one  is  struck 
with  its  fair  degree  of  monotony.  A  closer  analysis  shows  that  this  is 
in  part  due  to  the  fact  that  there  is  comparatively  little  diversity  in 
the  foliage.  And,  also,  the  common  saying  in  Australia  that  the  plants 
shed  their  bark  and  not  their  leaves,  has  at  least  a  moiety  of  truth, 
inasmuch  as  the  perennials  are  as  a  whole  sclerophyllous.  In  addition 
to  these  features  there  is  a  monotony  of  color,  the  advent  of  spring,  for 
example,  save  for  the  burst  of  bloom,  making  relatively  little  difference 
in  this  respect.  Such  features  as  these  point  to  the  probability  that 
the  environmental  conditions  that  prevail  today  may  have  been  in 
operation  over  a  verj'  long  period  6f  time.  Hence  a  study  of  the  en- 
vironiiu-nt  under  which  the  plants  are  growing  at  the  present,  and  to 
which  their  ancestors  were  probably  exposed  in  past  ages,  is  of  partic- 
ular interest.  Such  a  study,  limited  to  rainfall,  has  lately  been  put 
out  )>y  Dr.  (iriffith  Taylor,  and  merits  early  notice.^ 

As  is  well  known,  the  island  continent  has  as  a  whole  a  low  rainfall. 
A  vast  area,  for  example,  situated  west  of  the  center  receives  less  than  10 
inches  of  rain  annuall\'.  But,  in  general,  the  rainfall  increases  in  amount 
and  in  reliability  as  one  recedes  from  the  center,  and  the  margins  may 
be  well  watered.  The  rains  are  largely  seasonal  with  more  or  less  dry 
mid-seasons.  These  features  are  satisfactorily  explained  by  the  posi- 
tion of  Australia  on  the  globe,  by  its  extent,  and  its  topography.  In 
the  north  the  continent  comes  under  tropical  conditions,  and  in  the 
south  under  those  of  the  temijerate  zone.  The  seasonal  shifting  north- 
south  of  the  climatic  complex  operates  to  bring  rains  in  the  north 
in  summer  and  in  the  south  in  winter.  Between  the  two  is  a  great 
stretch  of  country  that  is  subject  to  neither  tropical  nor  temperate 
conditions,  although  it  may  be  affected  by  both.  This  is  the  desert. 
These  various  climatic  conditions  and  relations  are  well  presented  in 
tlie  memoir.     Mention  need  lie  made  here  only  of  a   very  ingenious 

'  Taylor,  Griffith.  The  .\u.«traliaii  environment,  especially  as  controlled  by 
rainfall,     .\dvisory  Council  of  Sci.  and  Ind.,  Memoir  No.  1.     Melbourne,  1918. 
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solar-control  model  by  which  the  areas  of  probable  rainfall  or  tlryness 
for  any  month  of  the  year  can  be  quickly  shown. 

Although  the  memoir  as  a  whole  treats  only  of  rainfall,  two  instruc- 
tive chapters  are  devoted  to  the  author's  climograph  and  hythergraph 
and  are  of  much  interest.  The  fonner  has  to  do  with  the  wet-bulb 
thermometer  and  relative  humidity  readings.  C'limographs  of  repre- 
sentative Australian  stations  in  comparison  with  those  for  Berlin  and 
London  are  given.  Hj'thergraphs  are  shown  for  certain  tropical  sta- 
tions in  Australia  and  a  composite  hythergraph  is  evolved  which  is  used 
as  a  comparison  in  an  interesting  figure  giving  those  for  various  Indian 
economic  plants. 

An  instructive  vegetation  map,  based  on  the  one  by  Diels,  shows  the 
situation  of  the  great  groups  antl  their  relation  to  the  10-inch  isohyet. 
This  map,  together  with  the  author's  tabulated  characterization  of  the 
rainfall  as  regards  the  times  of  its  probable  occurrence,  leads  one  to 
suggest  that  very  possibly  the  xerophytic  stamp  which  so  strongly 
marks  the  Australian  vegetation,  may  be  due  to  the  fact  that  it  is 
periodically  exposed  to  drought.  However  that  may  be,  it  is  shown 
that  the  "mulga"  {Acacia  spp.)  regions  receive  rains  in  summer 
mainly,  while  the  "mallee"  {Eucalyptus  spp.)  are  exposed  to  winter 
rains.  In  the  savannah  and  savannah  woodlands,  both  of  which 
extend  broadly  latitudinally  as  well  as  longitudinally,  the  season  of 
rain  depends  on  the  situation,  being  mainly  in  summer  or  winter,  as 
the  case  may  be.  It  is  in  restricted  rain  forests  only  that  the  rainfall  is 
fairly  unifomi  throughout  the  year.  So  far  as  the  actual  amount  of 
precipitation  in  these  various  regions  is  concerned,  it  can  be  summed 
up  as  follows:  The  rainfall  of  the  mulga  and  desert  regions  is  under 
10  inches.  That  of  the  mallee  is  10  to  20  inches  as  is  also  that  of  the 
savannah.  In  the  savannah  woodland  regions,  however,  it  ranges 
from  15  to  50  inches  annually.  And,  finall.y,  in  the  rain  forests  the 
precipitation  amounts  to  over  30  inches  a  year. 

Omitting  further  account  of  the  discussions  relating  to  the  general 
climatic  conditions,  which  are  very  interestingly  treated,  I  will  briefly 
review  the  discussion  of  th(>  regional  correlations  and  rain  (nigins,  to 
which  the  major  portion  of  the  niemoii'  is  devoted. 

The  continent  is  conveniently  divided  into  15  regions  and  to  each 
region  is  given  a  separate  chapter.  Regional  maps  showing  rainfall 
and  contours  acconijiany  formal  presentation  of  the  subject  matter. 
Stonn  charts  and  graphs  are  freely  used.  A  striking  feature  is  the 
occasional    rniplnynirnt    of   block    niinlcls    lo    illustrale    jjossiliir    topn- 
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graphical  changes.  Owing  to  my  better  acquaintance"  with  portions 
of  South  AustraHa  I  will  confine  what  I  have  to  say  to  that  state,  par- 
ticularly to  the  northern  portion. 

South  Australia  is  divided  by  the  authoi-  into  two  regions  by  an 
east-west  line  which  corresponds  very  well  to  the  10-inch  isohyet.  In 
the  north,  the  "Eyre"  region,  the  leading  industry  is  pastoral,  while  in 
the  south  it  is  agricultural.  There  are  three  leading  physiographic 
regions  in  the  Eyre  region  which  are  the  western  plateau,  the  central- 
eastern  basin,  and  the  south-eastern  Flinders  ranges.  The  altitudinal 
range  is  approximately  4000  feet,  reaching  from— 39  feet  of  Lake  Eyre, 
the  summits  of  the  Flinders  and  the  ]\Iusgraves,  the  latterof  which  may  to 
be  over  4000  feet.  Lake  Kyre  constitutes  the  receiving  basin  of  an  area 
approximating  500,000  square  miles  in  extent,  only  a  small  proportion 
of  which  is  within  the  state.  In  earlier  (Cretaceous)  times  the  drain- 
age of  this  vast  region  is  supposed  to  have  emptied  into  the  Southern 
ocean  through  lakes  Ej-re,  Fromme,  and  Torrens.  By  various  depres- 
sions and  elevations  the  central  portion  was  cut  off  from  the  sea, 
and  the  ancient  diainage  system  ha^s  lost  its  earlier  character.  The 
amount  of  water  that  flows  along  the  former  lanes  is  at  present  of  little 
importance. 

The  vegetation  of  the  region  is  treated  in  a  half-dozen  paragraphs. 
In  the  north-east  quarter  are  the  barest  regions  where  long  lines  of 
sand  or  loam  ridges  run  appro ximatelj'  north  and  south.  Normally  in 
such  conditions  mulga,  Acacia  aneura,  grows  sparingly  on  the  ridges, 
salt  bushes  of  whatever  kind  occur  on  saline  flats,  and  species  of  Euca- 
lyptus and  Acacia  are  to  be  found  in  the  drainage  channels.  In  the 
we.st  where  there  are  sand  ridges,  the  mulga  ridges  alternate  with 
spinifex  flats.  Here  are  also  desert  gums.  Eucalyptus  eudesmioides, 
mallee  and  "oaks,"  Casurina  sp.  In  the  mountains  of  the  west  there 
are  Santahan,  Melaleuca,  Callitris  (?),  and  others.  The  extreme  south- 
west is  different  from  the  rest  of  the  region  owing  to  the  porous  nature 
of  the  limestone  of  which  it  is  composed.  This  is  the  Nullarbor  plain 
(where  species  of  salt  bush  dominate  although  in  the  hollows  Santoitwi 
and  Acacia  spp.  occur).  In  the  high  lands  of  the  west  grasses  are 
abundant  where  the  places  are  favorable  (and  the  same  could  be  said 
of  other  similar  regions,  as,  for  example,  about  ("opley). 

The  plants  of  the  Eyre  region  are  subject  to  the  most  arid  condition 
to  l)e  found  in  Australia.  The  driest  station,  according  to  Taylor,  is 
Kanowana,  which  is  east  of  Lake  Eyre.  Here  the  average  rainfall  for 
twenty  j-eare  is  4.24  inches.     He  finds  that  there  is  an  arid  "axis" 
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which  extends  north-west  and  south-east  across  the  north-east  portion 
of  the  region.  Oodnadatta,  with  a  rainfall  of  4.68  inches  is  situated 
along  this  line.  The  area  with  less  than  5  inches  of  rainfall  is  over 
36,000  square  miles.  The  rain  in  the  extreme  north  of  the  Eyre  region 
is  due  to  northern,  tropical,  influences.  Oodnadatta,  however,  which  is 
somewhat  south  of  the  northern  boundary  of  the  state,  receives  rain  in 
winter  as  well.  But  those  of  the  south-west  in  particular  are  in  winter 
only. 

In  presenting  an  account  of  the  character  of  the  rainfall,  which  is 
summarized  in  an  instructive  table,  it  is  found  that  64  per  cent  is  of 
the  trough  type,  20  per  cent  antarctic,  10  per  cent  tropic,  and  6  per  cent 
non-isobaric.  In  other  words,  one-fifth  of  the  rainfall  is  that  of  winter, 
one-tenth  is  that  of  summer,  and  far  the  most  occurs  from  a  union  of 
lows  originating  in  the  south  and  north,  and  do  not  appear  so  strictly 
seasonal  as  the  other  two.  The  north-south  swing  of  the  climatic 
complex  is  1200  miles,  or  more.  Since  the  northernmost  point  attained 
by  the  center  of  highs  coincides  fairly  well  with  the  north  boundary  of 
the  state,  the  southern  extremity  reached  is  far  south  of  the  Eyre 
region,  or  indeed  of  South  Australia.  The  effect  of  this  seasonal  swing 
is  graphically  shown  by  the  author  for  the  whole  of  .\ustralia,  as  men- 
tioned above,  in  his  solar-control  model.  The  influence  of  the  swing  on 
the  rainfall  of  the  Eyre  region  can  be  easily  and  strikingly  shown  by 
inserting  the  outlines  of  the  region  on  the  model.  The  types  of  winter 
and  sununer  stomis  are  various,  and  need  not  be  detailed  here.  They 
are  illustrated  by  numerous  charts  and  fully  described 

The  general  treatment  of  the  rainfall  as  an  environing  factor  of  the 
plants  has  been  from  the  standpoint  of  a  meteorologist,  one  would 
judge  from  reading  the  work,  rather  than  from  that  of  a  botanist,  and 
possibly  this  would  ensure  its  better  handling!  Certainly  the  work  is 
well  done.  One  cannot  help  questioning,  however,  the  values  of  storms 
of  the  same  amount,  oi-,  which  is  not  the  .same  thing,  winfaUs  equal  in 
amount.  It  is  clear  that  a  5-inch  rainfall  which  is  mostly  in  summer, 
for  example,  may  be  less  effective  than  a  rainfall  similar  in  amount  but 
occurring  mainly  in  winter.  This  is  largely  owing  to  the  unequal 
rates  of  evaporation  in  the  two  seasons,  and  its  corresponding  effect  on 
plants.  Then,  also,  it  seems  possible  that  storms  at  any  season  which 
measure  0.15  inch  or  le.ss,  are  of  little  use  to  plants,  although  a  suc- 
cession of  them  a  few  days  apart  would  make  a  fair  showing  on  the 
rainfall  totals.  That  this  may  be  of  no  little  importance  is  suggested 
bv  the  fad  that  at  Oodiindatia  in  1906,  for  example,  56  per  cent  of  tiie 
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rainfall  occurred  in  such  small  amounts.  Whether  a  storm  is  suffi- 
ciently heavy  to  be  of  benefit  to  plants  must  depend  on  several  features 
among  which  would  be  the  season,  the  kind  of  soil,  and  the  amount  of 
moisture  in  it  at  the  time  of  the  storm.  Measurements  which  the 
reviewer  made  of  rain  penetration  at  different  stations  in  the  Eyre 
region  showed,  as  a  matter  of  fact,  that  it  required  a  surprisingly  smart 
shower  to  effect  any  marked  moisture  penetration.  It  would  be  a 
verj-  interesting  and  useful  thing  if  the  various  meterological  offices 
would  make  an  investigation  into  what  constitutes  an  effective  fall  of 
rain  anil  put  out  the  same  together  with  rainfall  totals. 

Finally,  it  would  have  made  the  work  of  considerable  more  service, 
it  seems  clear,  had  there  been  iidded  a  good  index.  Reference  books 
without  indexes  are  badly  handicapped. — W.  A.  Cannon. 

The  Conditions  of  Fruitfulness. — In  their  bulletin  on  Vege- 
tation and  Reproduction  with  special  Reference  to  the  Tomato,  Kraus 
and  Kraybill'  have  presented  physiological  and  biochemical  studies  as 
important  evidence  in  the  elucidation  of  the  problem  concerned  with 
the  interrelations  existing  between  fertilization,  vegetative  vigor  and 
seed  and  fruit  development.  It  has  been  shown  that  at  least  some  of 
the  instances  of  sterility  considered  to  be  the  result  of  physiological 
incompatibilitj'  may  be  due  to  the  state  or  condition  of  nutrition  of 
the  plant  itself.  Furthermore,  both  environmental  and  hereditary 
factors  must  be  considered  in  any  attempted  explanation  of  the  repro- 
ductive and  vegetative  behavior  of  plants.  The  results  of  the  experi- 
ments tend  to  support  the  theory  the.y  present,  namely  that  vegetative 
vigor  and  reproductive  vigor  are  dependent  upon  a  definite  relationship 
between  the  carbohydrate  and  nitrogenous  compounds  in  the  plant. 
Some  of  the  important  conclusions  follow: 

Plants  grown  with  an  abundant  supply  of  available  nitrogen  and 
the  opportunity  for  carbohydrate  synthesis  are  vigorously  vegetative 
and  unfruitful.  Plants  grown  with  an  abundant  supply  of  nitrogen 
and  then  transferred  and  grown  with  a  moderate  supply  of  available 
nitrogen  are  less  vegetative  but  fruitful.  Plants  grown  with  an 
abundant  supply  of  nitrogen  and  then  grown  with  a  low  supply  of 
nitrogen  are  very  weakly  vegetative  and  unfruitful.  Fruitfulness  is 
associated  neither  with  highest  nitrates  nor  highest  carbohydrates,  but 
with  a  condition  of  balance  between  them. 

'  Kraus,  E.  J.  and  H.  R.  Kraybill.  Vegetation  and  reproduction  with  special 
reference  to  the  tomato.     Bui.  149,  Oregon  Agr.  Col.  Exp.  Sta      191S. 
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• 

The  great  variations  in  the  amount  of  carbohychates  in  i)lants 
grown  under  different  nutrient  conditions,  and  in  different  parts  of  the 
same  plant,  indicate  that  in  studying  problems  concerned  with  plant, 
metabolism  it  is  necessary  to  know  the  specific  environment  of  the 
plant  as  a  whole,  and  of  its  several  parts. 

Lack  of  fruit  development  is  not  alone  due  to  the  lack  of  pollination 
or  fertilization,  nor  are  the  greatest  number  of  flowers  produced  by 
conditions  favoring  highest  vegetation  or  markedly  suppressed  vege- 
tation. Pruning,  as  it  effects  the  balancing  of  the  carbohydrate 
supply  with  the  mositure  and  nitrogen  supjily  will  promote  or  retard 
fruitfulness. — R.  P.  Hibbard. 

Height  Growth  of  Young  Conifers. — It  has  been  a  matter  of 
common  observation  with  foresters  that  the  height  growth  of  young 
conifers  is  more  closely  dependent  on  environmental  conditions  than 
is  the  growth  in  diameter.  Two  papers  have  rccentlj'  appeared  de- 
scribing efforts  to  determine  which  of  the  environmental  conditions, 
or  what  combination  of  them,  is  most  important  to  vigorous  height 
growth. 

Brewster,'  working  at  Priest  River,  Idaho,  has  compared  the  growth 
of  western  larch  {Lnrix  occidental  is)  for  the  years  1912-16,  finding  the 
greatest  growth  in  1914,  correlated  with  relatively  high  temperatures, 
a  maximum  of  sunny  days  and  a  generous,  well  distriliuted  rainfall. 
He  attributes  the  best  growth  to  the  combined  effect  of  these  climatic 
conditit)ns. 

Pearson-  has  investigated  the  growth  of  western  yellow  pine  {Piiuis 
ponderosa)  in  the  very  dissimilar  climate  near  Flagstaff,  Arizona.  This 
tree  makes  its  greatest  height  growth  during  the  months  of  lowest  pre- 
cipitation: April,  May  and  June.  When  the  growth  depends  solely 
on  the  precipitation  of  earlier  months  it  is  very  small;  when  rains  occur 
in  April  and  May  they  result  in  a  marked  increase  of  height  growth. 
The  curves  of  relative  humidity  and  number  of  cloudy  days  foi-  the 
years  1909-17  show  a  correlation  with  the  curve  of  height  growth  which 
is  almost  as  close  as  that  of  the  precipitation  of  April,  May  and  June. 
Temperature  is  regarded  by  the  author  as  being  most  imiiortant  in  its 

'Brewster,  D.  U.  Relation  between  height  growth  of  larch  .seedlings  and 
weather  conditions.     .lour.  Torestry,  16:  8G1-870.     Dec.  lillS. 

'  Pearson.  O.  \.  The  relation  bet.veen  spring  precipitation  and  height  growth 
of  western  yello  v  pine  saplings  in  Arizona.  Jour.  Forestry,  16:  C77-S89.  Ojt. 
litis. 
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relation  to  the  general  moisture  conditions.  Uiulicr  temperatures  are 
usually  coexistent  with  adverse  moisture  conditions  and  therefore  fail 
to  produce  the  acceleration  of  growth  that  might  be  possible  with  a 
more  abundant  soil  moisture  supply.  Evapoi-ation  bears  an  inverse  re- 
lation to  growth  throughout  most  of  the  eight  year  period,  indicating 
that  the  high  transpiration  which  it  causes  in  this  semi-arid  region  is 
deterrent  to  growth. — Foruest  Shreve. 


NOTES  AND  COMMENT 

Prof.  W.  F.  Gericke,  of  the  University  of  California — at  present  work- 
ing at  the  Laboratory  of  Plant  Physiology  of  the  Johns  Hopkins  Uni- 
versity on  the  salt  nutrition  project  of  the  Division  of  Biolog}'  of  the 
National  Research  Council — presented  what  may  be  some  rather  start- 
ling results  at  the  Baltimore  meeting  of  the  Physiological  Section  of 
the  Botanical  Society  of  America,  under  the  title,  A  preliminary  test 
of  the  influence  of  temperature  upon  the  effect  of  the  physiological 
balance  of  the  nutrient  solution  as  related  to  germination  in  wheat. 
In  experunentation  on  the  relation  of  germination  in  wheat  to  salts, 
salt  proportions  and  temperature,  following  out  a  rather  elaborate 
scheme,  it  appears  that  the  salts  and  salt  proportions  of  the  medium 
that  are  best  for  germination  with  one  maintained  temperature  are  not 
at  all  the  same  as  those  that  are  best  with  another  maintained  tempera- 
ture. In  other  words,  the  optimum  nutrient  solution  for  wheat  germi- 
nation is  different  for  different  temperatures,  and  a  statement  of  the 
temperature  employed  must  always  accompany  any  statement  about 
physiological  balance  in  the  nutrient  medium.  Conversely,  the  opti- 
mum temperature  for  wheat  germination  cannot  be  stated  without  an 
accompanying  statement  regarding  the  concentration,  salts  and  salt 
proportions  of  the  nutrient  solution  referred  to.  So  far  as  this  work 
has  gone,  it  appears  that  the  percentage  of  germination  and  the  rapidity 
of  the  early  development  of  the  wheat  seedling  depend  upon  the  follow- 
ing five  conditions,  at  least:  (1)  the  seed  used  (internal  conditions), 
(2)  the  salts  used  in  the  medium,  (3)  the  salt  proportions  in  the  medium, 
(4)  the  total  concentration  (osmotic  value)  of  the  medium,  and  (."))  th(> 
temperature.  Of  course  it  is  to  be  expected  that  varying  temperatures 
may  exert  very  different  influences  from  those  exerted  by  any  main- 
tained temperatures  (only  maintained  temperatures  have  been  studied), 
and  also  that  the  oxygen  and  carbon-dioxide  relations  will  not  be  with- 
out influence  on  germination  (these  have  not  been  (juantitatively 
studied). 

These  results  emphasize  once  more  how  futile  i)liysiulogical  experi- 
mentation is  unless  it  is  carried  out  with  all  the  itiHuential  conditions 
eitiier  coMtniIle<l  or  (luaiititatively  defined.     It  is  the  business  of  plant 
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physiology  to  establish  some  principles  reg:u(liii|j;  the  conditional  con- 
trol of  plant  processes,  and  the  sooner  \vc  appreciate  the  need  of 
quantitative  definition  of  all  effective  conditions  in  every  piece  of  ex- 
perimental work,  the  more  rapid  may  be  our  progress  toward  such  prin- 
ciples. Since  radiation  (light)  is  a  continually  and  irregularly  varying 
condition  in  nature,  since  if  is  essential  to  the  later  growth  of  green 
plants  but  not  for  seed  germination,  and  since  it  cannot  readily  be  either 
measured  or  controlled  (excepting  by  its  practical  elimination),  the 
germination  phase  of  plant  growth  offers  the  most  promising  field  for 
true  experimental  studies.  This  phase  may  be  studied  without  any 
light  reaching  the  cultures;  in  other  words,  the  radiation  condition  may 
be  maintained  at  zero  intensity  for  practically  all  effective  qualities. 

It  is  the  purpose  of  this  note  to  emphasize  the  importance  of  the 
general  principle  brought  out  by  Gericke,  and  also  to  emphasize  the 
possibility  of  really  good  experimentation  if  cultures  can  be  kept  in 
darkness,  as  in  the  case  of  germinating  seeds.  Methods  are  already 
available  for  the  control  of  maintained  temperatures,  and  probably  for 
that  of  the  oxygen  and  carbon-dioxide  relations.  Since  neither  light  nor 
the  evaporating  power  of  the  air  aie  generally  important  influential 
conditions  in  seed  germination,  these  two  environmental  features  may 
be  practically  ehminated  from  the  discussion,  by  maintaining  them 
nearly  at  zero  intensity,  when  seed  germination  is  the  process  to  be 
studied. — B.  E.  Livingston. 

Dr.  W.  Howard  Rankin  has  recently  pulilished,  in  the  MacMillan 
Company's  series  of  Rural  Manuals,  a  treatise  on  the  diseases  of  trees. 
The  general  diseases  affecting  all  trees  are  treated  collectively,  followed 
by  chapters  on  the  specific  diseases  of  all  the  hardwoods  and  conifers  of 
economic  or  ornamental  importance  in  the  United  States.  Symptoms 
and  causes  are  fully  described  and  remedial  measures  are  given  so  far 
as  known.  There  are  brief  chapters  on  tree  surgery  and  methods  of 
spraying.     References  to  original  papers  are  given  under  each  disease, 
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WATER  REQUIREMENT  AND  ADAPTATION  IN 
EQUISETUM 

LOUISE  DOSDALL 
Uniiersity  of  Minnesota,  Minneapolis,  Minn. 

(Conlinued) 

III.  EXPERIMENTAL  RESULTS 

General  Outline  of  Experiments. 

(1)  Water  content  of  the  soil. 

(a)  Maximum  and  Minimum. 

(b)  Wilting  coefficient  of 

Equiseium  fluviaiile 
Equisetum  hyemale 
Ranunculus  sceleratus 

(c)  Time  of  wilting 

(1)  Equisetum  fluviatile  and  Helianthus  annuus 
Equisetum  fluviatile  and  Phaseolus  vulgaris 

(2)  Equisetum  hye^nale  and  Helianthus  annuus 
Equisetum  hyemale  and  Phaseolus  vulgaris 

(3)  Equisetum  arvense  and  Helianthus  annuus 
Equisetum  arvense  and  Phaseolus  vulgaris 

(2)  Water  loss  by  the  plant 

(a)  Relation  of  transpiration  to  plant  funct  ion.s 

(b)  Comparative  transpiration 

Equisetum  fluviatile 

Equisetum  hyemale 

Xerophyte:  Bryophyllum  calyciman 

Mesophyte:  Helianthus,  Phaseolus  vulgaris 

Hydrophyte:  Ranunculus  sceleratus 

(c)  Guttation. 

(3)  Transpiration  and  photosynthesis 

(4)  Physiological  responses 

(a)  Growth  and  soil-water  content 

(b)  Growth  and  light  intensity 

(c)  Transpiration  of  soil-water  content 

(d)  Stomatal  behavior 

(5)  Adaptations. 
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1.    WATER  CONTENT  OF  SOIL 

(1)  Determination  of  jnaximum  and  minimum  soil  water  content 

Two  series  of  Equisetum  flumatik  were  loin  from  No\ember  4, 
1916  to  December  21,  1916  in  soil-water  contents  \'aiying  from 
roots  submerged  in  water  to  a  holard  of  9%  based  upon  the  dry 
weight  of  the  soil  (see  table  2).  In  series  A  the  soil  was  sifted 
thro\igh  a  5  mm.  screen  to  give  unifomiity  while  in  series  B  the 
soil  was  not  sifted.  In  all  other  respects  the  series  were  dupli- 
cates. Plants  numbered  1  grew  in  an  inch  layer  of  soil  covered 
with  three  inches  of  water.  Plants  numbered  2  gi'ew  in  porous 
pots  standing  in  water.     The  others  gi-ew  in  a  four  inch  layer 

TABLE  2 
Average  soil-water  cuntenl  in  two  scries  of  Equisetum  fluviatile 


SBRIB8  A  (SOILSIrXED) 

SERIES  B  (not  sifted) 

ptT  cent 

percent 

No.  1  Submerged 

No.  1  Submerged 

No.  2 

60 

No.  2 

58 

No.  3 

33 

No.  3 

37 

No.  4 

23 

No.  4 

30 

No.  5 

17 

No.  5 

IS 

No.  6 

12 

No.  6 

9 

of  soil  (2500  cc.)  in  eight  inch  glazed  jars.  Buds  of  approxi- 
matel}^  the  same  size  and  with  the  same  amount  of  rootstock 
were  used  to  plant  in  each  pot  so  that  none  would  have  the 
advantage  of  a  larger  stored  food  suj^jjly.  The  juiiount  of 
water  added  weeklj^  was  measured  and  recorded.  A  set  of  soil 
samples  was  taken  everj''  two  weeks. 

The  iilants  in  No.  5  and  No.  6  withered  when  about  2  inches 
above  the  ground  while  those  in  No.  4  grew  to  be  8  inclies  high. 
Very  few  branches  were  developed  and  these  dried  at  the  tips. 
The  best  plants  were  ol)tained  in  No.  1  and  No.  2,  those  gi-owing 
in  mud  luiving  slightly  more  branches  than  those  with  the  roots 
submerged.  Thus,  Equisetum  jluvialile  demands  a  high  amount 
of  moisture  in  the  soil,  the  range  being  from  23%  to  saturation 
with  the  ()])timum  at  the  highest  concentrations. 
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(2)  Willing  coefficient 

(a)  Separate  cultures.  Equisetum  flnviatile  and  Ranunculus 
sceleratus  were  grown  in  loam  with  a  water  content  from  35-45% 
maintained  bj'  keeping  the  pots  in  deep  saucers  filled  with 
water.  The  wilting  point  was  determined  by  the  wax  seal 
method.  At  the  time  of  sealing,  the  Equisetum  had  grown  six 
weeks  and  the  Ranunculus  two  months  under  the  conditions 

TABLE  3 

Soil-ivaler  content  at  lime  of  uniting,  in  Equisetum,  Ranunculus  and  Helianthus 

Equisetum  fluvialilc 

Plant  (1) 23,1] 

Plant  (2) 24. 4  ( 

Plant  (3) 23.0 

Plant  (4) 30. oj 

Average 25. 1 

Ranunculus  sceleratus 

Plant  (1) 13.51 

Plant  (2) 11.0  I 

Plant  (3) 14.1 

Plant  (4) 14. 

Average 13.3 

Equisetum  hye/nale 

Plant  (1) 5.31 

Plant  (2)....  5.31 

Plant  (3) 4.2 

Plant  (4) 4. -J 

Average 4.9 

Helianthus  annuus 

Plant  (1) 5.8l 

Plant  (2) 5.4/ 

Average 5.6 


.  Loam 


.  Loam 


.  Sandy  loam 


. Sandy 


mentioned.  A  series  of  Equisetum  hyemale  growing  in  sandy 
loam  was  also  sealed  for  wilting.  Because  of  the  differences  in 
the  soil  the  latter  were  checked  against  the  wilting  of  two  sun- 
flowers also  growing  in  sandy  loam.  The  re.sults  are  shown  in 
table  3. 

In  order  to  check  the  soil  water  requirements  of  Equisetum 
against  those  of  typical  mesophytes  the  following  series  of 
experiments  were  undertaken. 


32 


LOUISE    DOSDALL 


(b)  Cultures  ictth  mesophytes.  The  method  of  growing  the 
plants  in  the  same  pots  is  shown  in  figure  1,  and  the  results  are 
given  in  table  4. 

The  table  shows  (except  in  the  case  of  Eqitisetmn  hyemale) 
that  Equiseimn  wilted  before  the  mesophytes  when  the  root 

TABLE  4 

Relative  time  of  wilting  of  Equisetum  and  mcsoi)hyles  grown  simultaneously  in  the 

same  jxils 


Equisetum  fhirialile 
Helianthus  annuus. 


Ilelianthus  annims. 


Phaseolus  vulgaris 
Phaseolus  vulgaris 

Equisetum  hyemale 
Helianthus  annuus 
Helianthus  annuus 
Phaseolus  viilgaris 


Phaseolus  vulgaris 


Equisetum  arve7ise 
Helianthus  annuus. 
Phaseolus  vulgaris. 


days 

10 


2 

17 

12 

lit 

15 
13 

1") 
17 

13 

hitpr 

10 

\H-.xn 

injured 

yellowing  on  7th 
(lay 


REMARKS  OK  ROOT  SYSTEM 


Both  plants  had  good 
root  systems  well  dis- 
tributed in  pot 

Both  plants  had  good 
root  systems  well  dis- 
tributed in  pet 

Good  root  systems 


Good  root  system 

Fair  root  systems 

Good  root  systems  but 
not  very  well  dis- 
tributed 

Root  system  of  bean 
very  poor.  Equise- 
tum showed  signs  of 
wilting  first 

Good  roots 
Root   system   of   bean 
poorly  developed 

ICquisetum  roots  good 


systems  of  both  were  hi  good  condilion  and  well  dislrihuted  in 
the  pots.  In  some  cases  the  exact  nuniher  of  days  for  the 
wilting  of  the  mesophytes  was  not  obtained,  l)ut  the  fact  that  the 
Equisetum  wilted  first  is  indicated.  Tlie  discrepancies  in  the 
cases  of  Phaseolus  are  attributed  to  the  poorlj-  developed  root 
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systems,  but  the  results  with  Helianlhus  show  beyond  a  doubt 
that  it  is  able  to  draw  water  from  the  soil  after  Equiselum  fluvia- 
tile  and  Equisetutn  arvense  are  dead.  Figure  2  shows  Eqimetum 
fluviatile  wilting  while  both  Helianlhus  and  Phaseolus  are  in 
good  condition.  The  conclusion  to  be  drawn  from  this  evidence 
is  that  the  latter  are  less  hydrophytic  than  either  Equisetum 


Fig.  2.  Equiseliim  fluviatile  wilting.     I'haxeolus  vulgaris  and  Heliaulhus  annuus 


still  turgid 


arvense  or  Equisetum  fluviatile.  Equisetum  hyemale  differs  from 
the  other  two  in  that  it  seems  to  be  mesophytic  in  its  relations. 
These  results  on  the  wilting  of  Equisetum,  Helianthus,  and 
Phaseolus  agree  with  the  work  of  Hedgecock  (1902:65)  who 
states,  in  his  conclusion  that  "the  abihty  of  plants  to  take  water 
from  the  soil  varies  in  an  ascending  scale  from  hydrophytes, 
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through  mesophytes,  to  xerophytes"  and  the  \iew  of  Clements 
(1905:31)  that  "a  plant  of  xerophj^ic  tendency  is  naturally 
able  to  remo^'e  more  water  from  the  same  soil  than  one  of 
mesophytic  or  hydrophji;ic  character."  Briggs  and  Shantz 
(1912:75)  found  the  wilting  coefficient  of  a  gi-eat  number  of 
plants  with  which  they  worked  to  vary  but  Uttle,  or  from  92 
for  Japan  rice  to  106  for  a  variety  of  corn,  with  100  as  the 
standard.  From  their  results  of  shnultaneous  wilting  of  plants 
grown  together  in  the  same  pots,  the  \\Titers  conclude  that  one 
plant  is  not  able  to  draw  more  moisture  from  the  soil  than 
another.  The  results  of  the  present  investigation  indicate  that 
certain  mesophytes  are  able  to  take  more  moisture  from  the  soil 
than  the  hydrophytic  species  of  Equisetum  can. 

2.  ■WATER  LOSS  BY  THE  PLANT 

{1)  Comparative  transpiration 

A  comparison  of  the  series  in  Table  5  shows  that  in  the  amount 
of  water  lost  by  transpiration  Equisetum  fluviatile  exceeds  both 
the  mesophytes  and  the  xerophytes.  Ranunculus  sceleratus, 
which  is  a  typical  hydrophyte,  loses  only  eight  to  nine  tenths 
the  amount  of  water  that  Equisetum  fluviatile  does.  The  meso- 
phytes Helianthus  annuus  and  Phaseolus  imlgaris  lose  from  two 
to  six-tenths  as  much,  while  the  xerophyte,  BryopJiUum  cahj- 
ciniim,  loses  only  one  tenth  as  much.  In  other  words  Equisetum 
fluviatile  transpires  from  two  to  five  times  as  much  water  from 
its  surface  as  do  two  typical  mesophytes,  and  ten  times  as  much 
as  a  typical  land  xerophyte.  Ranunculus  is  an  exceedingly 
plastic  species  which  accounts  for  its  ranking  below  Equisetum, 
for  during  the  experhnent  the  roots  of  the  former  were  not  in 
water.  Helianthus  is  an  exceedingly  wasteful  plant  as  far  as 
water  loss  is  concerned  which  explains  the  transpiration  being 
higher  than  in  the  case  of  Phaseolus.  The  conclusion  to  be 
drawn  from  this  evidence  is  that  Equisetum  fluviatile  is  un- 
questionably a  hydroi)h>'te. 

These  results  agiec  \ery  closely  with  those  of  Sam]ison  and 
Allen  (1909:55)  who  found  that  Scirpus  lacustris  also  a  "bog 
xerophyte"  loses  twice  as  much  water  as  Helianthus  annuus. 
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TABLE  5 
Comparative  transpiraliou  of  Equisetum  and  other  plants 


i 

<  H 

>  a 

PLANTS 

TOTAL 
LOSS 

AREA 
B<J,  DM. 

LOSS 
sq.  DM. 

AGE 
LOSS 

RATIO 

•F 

per  cen 

grams 

proms 

1 

80 

57 

Equiseluvi  fiuviatili- 

7.3 

0.38 

19,2 

Equisetum  fluviatile 

7.4 

0.43 

17.2 

l.s.s 

1   0 

Equisetum  fluviatile 

6.0 

0.30 

20.0 

Bryophyllum  calycinum. . . 

5.5 

2.18 

2.5 

1,9 

0  1 

Bryophyllum  calycinum. . . 

5.8 

4,54 

1.3 

Ranunculus  sceleratus .... 

27.4 

20.8 

13.2 

Ranunculus  sceleratus .... 

27.0 

2.50 

10.4 

14.5 

0.8 

67 

Ranunculus  sceleratus .... 

50.0 

3.02 

19.8 

2 

60 

Equisetum  fluviatile 

10.9 

0.37 

29,5 

10 

Raiiunculus  sceleratus  .  . .  . 

77.4 

3.02 

25,6 

0  9 

Equisetum  hyemale 

68.5 

3.83 

17,9 

0.6 

Helianthus  annuus 

62.5 

4.24 

14,7 

0.5 

Phaseolus  vulgaris 

2S.4 

5.42 

5.2 

0.2 

Bryophylhim  calycinum.. . 

9.9 

4.54 

2.2 

0.1 

3 

65 

60 

Equisetum  fluviatile 

Equisetum  fluviatile .' 

9.9 

7.S 

0.S4 
0.75 

11.8 
10.4 

1.0 

Equisetum  arvense 

4.0 

0.84 

4.8 

0.4 

Equisetum  arvense 

4.2 

0.89 

4.7 

4 

44 

39 

Equisetum  fluviatile 
Plant  1 

5.3 
10  0 

0.38 
0  68 

13.9 
14  7 

1 5''  •' 

9 

1  0 

3 

5.1 

0.30 

17.0 

Urlianthus  annuus 

Plant  7 

21.3 
29.0 

2.20 
3.15 

9.7 
9.2 

9  S 

S 

0  6 

9 

40.8 

3.91 

10.4 

Phascdiux  rulf/ari.'i 

Plant  4 

48.7 
53.5 

6.51 
8.82 

7.5 

5 

6.1       6.5 

0.4 

6 

20.0 

3.47 

5.8 
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Comparing  the  transpiration  of  the  different  species  of  Equi- 
setum,  it  is  found  that  Equisetum  hyeviale  loses  but  six-tenths 
as  much  water  as  does  Equisetum  flunatile  and  that  Equisetum 
arvense  but  four  tenths  as  much,  showing  that  these  two  are 
more  mesophytic  species. 

{2)  Gutlation 

Leaves  of  many  species  of  plants,  among  which  the  best 
known  are  aroids,  fuchsia,  cabbage,  and  nasturtium,  exude  drops 
of  water  from  their  surface  when  transpiration  is  checked  by 


Fig.  3.  A.   Stem  of  Equisetum  hyemale  showiuR  drops  of  water  e.xuded  by 
guttation.     B.  Equiselum  arvense  showing  drops  of  water  exuded  by  guttation. 

external  factors.  (Sachs  1887:  278).  Usually  the  water  is  forced 
out  of  pcnnanently  open  stomata  or  water  jiores  at  the  end  of 
the  veins.  Although  a  common  phenomenon,  it  is  scarcely  to 
be  expected  in  a  xerophyte.  During  the  week  of  Maj'  18-23 
on  four  successive  cloudy  mornings,  all  three  species  of  Equise- 
tum were  found  to  be  guttating  vigorously.  In  some  cases  the 
drops  of  water  were  4  mm.  in  diameter,  and  25  to  50  occurred 
on  single  stems.  Old  stems  as  well  as  j'oung  were  exuding  water 
(fig.  3).  On  these  mornings  the  relati-\'e  humidity  in  the 
greenhouse  was  72''o.     Tlic  j)lan1s  were  then  placed  under  bell 
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jars  ami  tlic  following  inorniug  large  drops  of  water  were  found 
at  the  nodes  between  the  points  of  the  leaf  scales  and  much 
smaller  ones  in  the  groo^•es  of  the  intemodes  at  positions 
corresponding  to  those  of  the  stomata. 

This  furnishes  additional  evidence  that  Eqnisetum  is  not  a 
xerophyte  and  particularly  a  "bog  xerophyte"  whose  roots  are 
supposed  to  have  low  absorption  powers. 

(3)    TRANSPIRATION  AND  PHOTOSYNTHESIS 

Relative  transpiration  and  photosjTithetic  efficiency  of  Equi- 
setum  fluviatUe,  Helianthus  annuiis  and  Phascolus  vulgaris. 

This  experiment  was  done  in  cooperation  with  Miss  Frances 
Long  who  detennhied  the  photosj7ithate. 

The  plants  for  this  experunent  were  gi-own  in  soil  kept 
saturated  with  water.  The  morning  of  the  experiment  the  pots 
were  placed  in  Ganong  aluminum  shells  filled  with  water.  Evapo- 
ration from  the  soil  was  avoided  by  co\'ering  it  with  a  layer  of 
waxed  paper  held  in  place  by  the  aluminum  ring.  The  space 
between  the  plant  and  paper  was  sealed  with  the  Shantz  mbcture 
of  paraffin  and  vasehne. 

For  the  photosjTithate  readings  similar  plants  were  used  for 
the  morning  and  noon  readings,  since  those  used  for  transpiration 
could  not  be  destroyed  until  evening. 

Leaf  prints  were  made  of  the  leaves  as  soon  as  cut  and  the 
areas  found  by  a  planimeter.  The  leaves  were  killed  in  chloro- 
form and  dried  in  a  steam  oven  at  90°.  The  glucose  determi- 
nation A\as  made  by  the  modified  Munson  Walker  method  used 
in  Miss  Long's  photosjaithate  expermients. 

The  experunent  was  carried  on  ^Nlay  4,  1917.  The  tempera- 
ture and  hmnidity  conditions  were  as  shown  in  table  6. 

A  glance  at  table  6  shows  that  Equisetum  transpires  1.5  as 
much  as  Helianthus  and  2.3  tunes  as  rapidly  as  Phaseolus. 
Helinnthus  loses  1.5  tunes  the  amount  of  water  lost  by  Phaseolus. 
Helianthus  is  regarded  as  a  very  wasteful  plant  so  far  as  water 
efficiency  is  concerned. 

Helianthus  shows  1.8  the  ability  to  make  carbohydrates  shown 
by   Equisetum,    while   Phaseolus   is   three   tunes  as  efficient   as 
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Comparative  Iranspiration  of  Equisetum  and  other  plants,  7.30  a.tn.  to  5.30  p.m., 
May  4,  1917 

The  humidity  and  temperature  were  respectively  as  follows:  7.30  a.m.,  70%,  70°, 
12  noon,  28%,  78°;  5.30  p.m.,  20%;  85° 


PL.INT 

(grams  H^) 

.»RE.\  SQ.  n.M. 

OBAMS  HsO 

LOST  PER  SQ. 

D.M. 

AVERAGE  LOSS 

Equisetum  fluviatile 

Plant  1 

2 

5.3 
10.0 
5.1 

21.3 
29.0 
40.8 

48.7 
53.5 
20.0 

0.38 
0,68 
0.30 

2.20 
3.15 
3.91 

6.51 
8.82 
3.47 

13.9 
14.7 
17.0 

0.7 
9.2 
10.4 

7.5 
6.1 
5,8 

15.2 

3 

Helianthus  annuus 

Plant  7 

8 

9.8 

9 

Phaseolus  vulgaris 
Plant  4 

5 

6.5 

6 

Comparative  photosynthate  of  Equisetum  and  other  plants.     Readings  under  same 
conditions  as  in  table  6 


Pl^ANT 

GMS.  DRIED 

AREA  SQ. 
D.M. 

omcosE 

TOTAL  MOS. 

GLrCOSE  MOS. 
PERSQ.  D.M. 

MGS.  GLUCOSE 
PERSQ.  D.M. 

Equisetum  fluviatile 

7.30  a.m 

5.30  p.m 

0.2100 

0.2884 

1.0446 
0.9354 
0 . 6674 

1.509 
1.015 
2.4.540 

0.6 

0.68 

3.7S5 
2.907 
2.68 

7.54 

5.17935 

7.67 

17.4 

30.9 

2.0 
33.0 
76.5 

126.7 
272.4 
762.4 

29.0 

44.0 

0.52 
11.35 
28.54 

16.81 
52.59 
61.72 

15.0 

Helianthus  annuus 
7.30  a.m 

12  noon 

5.30  p  m         

10.83 
28.02 

Phateolus  vulgaris 
7  30  a.m 

35.78 

5  30  p  m     

44.91 

WATER   REQUIREMENT   AND    ADAPTATION    IN    EQUISETUM        39 

Equisetum  (table  7).  Phaseolus  makes  1.6  times  as  much  pho- 
tosynthate  as  Helicrifhus.  The  low  efficiency  of  Equisetum  may 
be  accounted  for  by  the  fact  that  the  stem  is  the  photosynthetic 
organ  rather  than  the  leaves.  The  position  of  the  stem  prevents 
the  rays  of  the  sun  from  falling  directly  on  the  surface  so  that  a 
given  amount  of  light  is  spread  over  a  greater  area.  These 
slanting  rays  which  reach  it  are  of  much  less  intensity  than  the 
direct  rays  and  thus  the  soiu'ce  of  energy  for  the  photosynthetic 
work  is  much  reduced. 

Helianthus  has  an  epidennis  covered  with  hairs  which  serve 
as  a  light  screen  and  cut  out  70%  of  the  hght  which  strikes  the 
epidermis.  Phaseolus  epidennis  screens  out  45%  of  the  light 
incident  upon  it.  The  choloroplasts  are  then  functioning  not  in 
bright  light,  even  though  the  leaves  are  in  full  sunUght,  but  in 
30%  and  55%  relative  light  intensity. 

It  is  interesting  to  note  that  the  photosynthetic  efficiency  in 
these  three  species  is  in  inverse  proportion  to  the  amount  of 
transpiration. 

(4)    PHYSIOLOGICAL   RESPONSES 

(1)  Growth  and  ivater  content 

A  series  of  Equisetimi  fluviatile  was  gi'own  with  roots  sub- 
merged, roots  in  mud,  and  roots  in  a  water  content  of  35% 
from  April  2,  to  May  18.  The  effect  of  the  varying  water  con- 
tents on  the  size  of  the  plants  is  shown  in  plate  5.  The  following 
is  the  height  of  each: 

Submerged.       SO. 1cm.  .Mud. ..  .80.5  cm.        35%..  68.2  em. 

As  showTi  on  the  plate  almost  no  branches  developed  on  the 
plant  in  35%  water  content.  With  all  the  plants  used  in  the 
greenliouse  gi-owth  was  best  in  mud,  although  in  many  cases 
the  difference  between  the  plants  gTowing  in  mud  and  those 
with  submerged  roots  was  very  slight. 

(2)  Growth  and  light  intensity 

Plants  of  Equisetum  fluviatile  were  grown  in  a  muslin  shade 
tent  which  cut  down  the  light  to  3%  and  in  the  normal  light  of 
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the  greenliouse,  or  507o  full  sunUght.  The  effect  is  shown  in 
figure  4,  B.  At  the  end  of  six  weeks  the  plant  from  the  shade  tent 
was  7.4  cm.  high  and  the  other  80.0  cm.  high.  These  plants 
grew  in  mud. 


««i^ 


Fig.  4.  A.  Equisclumfliivi:ii,lf  ^liiiwiiifj;  effect  of  varying  soil-water  contents  on 
growth.  Left,  submerged;  centre,  mud;  right,  35%.  B.  Eqtdsclum  fiuvialile 
showing  effect  of  varying  light  intensities  on  growth.    Left,  50%;  right,  3%. 

The  results  show  that  both  water  content  and  hght  intensity- 
have  a  marked  effect  on  gi-owth  in  Equisetum  flmiatile. 

(S)   Transpiration  and  water  content 

The  effect  of  the  three  water  contents  on  the  amount  of  tran- 
sph-ation  was  determined  for  Equisetum  fiuvialile.    To  check  the 
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results  obtained  the  experiment  was  repeated  tliree  times  with 
twent}^  plants.  The  difference  in  the  amounts  of  water  lost  are 
shown  in  the  graph  in  figure  5. 


Fig.  5.  Graph  showing  the  effect  of  soil  water  content  on  transpiration. 

The  plants  gi'owing  in  mud  lost  the  most  water  while  those  in 
soil  of  35%  water  content  lost  the  least. 


(4)  SfomaiaJ  hehainor 


Equisetum  hyemale  has  36  stomata  per  square  millimeter  of 
svirface  while  Equisetum  fltiviatile  has  118.  In  both  cases  the 
stomata  are  sunk  in  grooves  resembhng  the  modifications  of  a 
xerophyte.  A  set  of  readings  on  the  position  of  the  guard  cells 
in  the  epidermis  of  Equkdum  hyemale  at  8  a.m.,  12  noon,  and 
4  p.m.  and  an  hourly  series  from  10  p.m.  to  3  a.m.  showed  no 
difference  in  the  .size  of  the  opening  between  the  cells.  During 
the  night  epidennis  from  both  old  and  young  stems  were  taken. 
This  fixed  position  of  the  stomata  explains  why  Equisetum  can 
lose  so  much  water  per  unit  urea  by  transpiration  and  guttation. 
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(5)    ADAPTATIONS 

That  Equisetimi  fluvialile  is  a  very  stable  fomi  is  proved  by 
the  fact  that  no  structural  differences  could  be  diseo^•ercd  in 
cross  sections  of  the  stems  growing  in  the  different  water  con- 
tents. The  epidermis  was  also  studied  for  differences  in  the 
nmnber  of  stomata  but  the  average  number  per  square  niilhmeter 
did  not  vary. 

The  results  of  jwlaptation  experiments  were  entirely  negati\'e. 
No  structural  differences  could  be  discovered  in  the  epideniiis 
chlorenchyma,  vascular  tissue,  or  air  space  from  the  cross  section 
of  Equisetum  fluviatile  which  had  gi'owTi  in  the  varying  water 
contents,  from  November,  1916,  to  April,  1917,  in  the  gi'een- 
house.  Sections  of  epidermis  were  also  studied  for  the  number 
of  stomata  but  the  average  per  square  milluiieter  did  not  vary. 
These  results  correspond  with  those  of  E.  S.  Clements  (1905:  87) 
who  found  no  variation  in  certain  xerophytic  fomis  gi'own  under 
varj'ing  conditions  of  water  content. 

IV.  SUMMARY  AND  CONCLUSIONS 

1.  The  results  of  the  present  investigation  of  the  water  re- 
quirements of  Equisetum  flunalile  show  that  this  species  requires 
a  higher  concentration  of  water  in  the  soil  in  order  to  maintain 
its  normal  functions.  The  amount  of  water  remaining  in  the 
soil  at  the  death  of  the  plant  is  greater  than  the  amount  at  the 
death  of  Ranunculus  sceleratus.  When  gi'owmg  in  the  same  soil 
mass  with  Helianthus  annuiis  and  Phaseolus  vulgaris,  Equisetum 
wilts  first.  A  comparison  of  the  trans])iration  shows  that  the 
water  loss  is  much  greater  than  from  the  mesophytes  and  the 
xerophytes  with  which  it  was  compared.  Equisetuiu  fluviatile  is 
therefore  to  be  considered  a  true  hydrophyte. 

2.  The  high  trans])iration  is  correlated  with  low  photosynthetic 
efficiency  as  comiiared  with  Ilclidiitlnis  annuus  and  Phaseolus 
vulgaris. 

3.  The  difference  in  Ihc  tinic  of  willing  Ix'tween  Equhsetum 
and  the  mesophji.es  willi  wliidi  it  was  (■(iiii])an'd  shows  that  tlic 
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range  in  tlic  amount  of  water  that  plants  can  take  from  the  soil 
is  greater  than  indicated  by  the  work  of  Briggs  and  Shantz. 

4.  The  fact  that  Equisetum  can  adjust  itseK  to  physical 
changes  in  the  habitat  by  marked  physiological  responses  but 
gives  negati^•e  results  as  to  adaptation  indicates  that  the  xero- 
morphic  features  are  extremely  stable  structures  and  that 
adaptation  to  hydrophytic  conditions  has  come  about  through 
the  de\-elo])ment  of  air-spaces,  diaphragms,  and  permanently 
open  stomata. 

5.  The  gTeat  amount  of  water  lost  through  transpiration  and 
guttation  indicates  that  this  species  does  not  grow  in  the 
xerophytic  regions  of  bogs  because  of  its  low  absorptive  powers, 
as  Dachnowski  maintains,  and  that  it  cannot  be  considered  an 
actual  xerophyte  at  all.  Its  xerophily  is  only  superficial  and  is , 
probably  due  to  the.  persistence  of  ancestral  structures,  now 
compensated  by  adjustment  and  by  adaptation  in  the  aerenchJ^n. 

6.  Since  the  structure  and  habitat  of  the  Paleozoic  Calamites 
and  Mesozoic  Equisetum  were  essentially  the  same  as  those  of 
the  present  day  fonn,  the  apparent  xerophily  cannot  be  con- 
sidered as  an  indication  of  a  dry  climate,  of  a  physiologically  arid 
habitat,  because  the  water  lost  by  the  plants  is  gi'eat  and  means 
of  checking  it  are  absent.  It  is  probable  that  the  superficial 
xeromorphy  of  Equisetum  was  acquired  in  a  cold  arid  period, 
such  as  the  Permian. 

7.  The  hydrophytic  natiu'e  of  Equisetum  fluviatile  places  it  in 
the  hj'drarch  succession.  It  usually  plays  only  a  secondary 
part  in  the  various  kinds  of  swamps  where  it  probably  holds  its 
place  as  a  reUc  of  former  eoseres.  Successionally  it  is  a  member 
of  the  reed-swamp  or  sedge-swamp  associes,  usually  forming  a 
socies. 

8.  Equisetum  hyemale  and  Equisetum  arvense  are  found  in 
much  dryer  areas  than  Equisetum  fluviatile.  A  comparison  of 
their  transpiration  per  unit  area  shows  that  the  former  are  more 
mesophj^ic  in  their  tendencies.  This  accounts  for  the  fact  that 
these  two  species  are  capable  of  invading  grass  laud. 
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THE  RELATION  OF  IRRIGATION  TO  HUMIDITY  IN  A 
RECENTLY  RECLAIMED  DESERT 

K.  A.  McGregor 

El  Centra,  California 

The  Imperial  "N'alley  of  California,  which  is  the  subject  of  this 
paper,  offers  many  verj'  interesting  studies.  It  comprises  the 
major  portion  of  the  Salton  Basin,  an  area  which  is  below  sea 
level,  and  at  the  lowest  portion  of  which  lies  the  Salton  Sea. 
The  water  of  this  sea  is  strongly  alkaline  through  the  age-long 
concentration  by  the  excessive  evaporation  of  the  periodic 
inundations  occasioned  bj-  the  overflowing  of  the  Colorado 
River. 

The  Imperial  ^'alley  is  geographically  a  part  of  the  great  Colo- 
rado Desert.  As  recentlj^  as  1900  it  was  a  desolate  uninhabited 
waste  of  typical  southwestern  desert  which  supported  only  creo- 
sote bush,  mesquite,  salt  bush,  ^arrow-weed  and  a  few  similar 
characteristic  desert  plants.  The  average  total  annual  rainfall 
for  the  Imperial  'N'alley  is  probably  less  than  two  inches. 

Geologically  the  Salton  Basin  or  Sink  possesses  a  very  inter- 
esting history.  We  are  told  that  in  comparatively  recent  times, 
as  reckoned  by  geologists,  the  Gulf  of  California  extended  north- 
westward to  where  Indio  now  lies.  At  that  time  the  Colorado 
River  did  not  flow  into  the  head  of  the  gulf,  as  now,  but  emptied 
laterally  on  its  eastern  shore  at  a  point  not  far  south  of  the  pres- 
ent location  of  Yuma,  Arizona.  Little  by  httle  a  delta  was  built 
out  across  the  gulf,  opposite  the  river  mouth,  by  the  vast>  quan- 
tities of  silt  carried  by  the  river's  flood  waters.  In  time  this 
delta  spread,  fan-like,  until  it  reached  and  fused  with  the  western 
shore  of  the  gulf.  Owing  to  the  fact  that  the  apex  of  the  delta 
was  some  40  feet  above  sea  level,  this  silt  deposition  gradually 
elevated  itself  above  sea  level.  The  final  result  was  that  the 
upper  (northwestern)  portion  of  the  former  C!ulf  of  California  be- 
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came  entirely  cut  off  by  the  Colorado  delta  from  the  present  gulf 
and  existed,  no  doubt,  for  centuries  as  a  large  inland  salt  or 
brackish  water  sea  with  an  initial  area  of  about  2100  square 
miles.  Eventually  the  sea  water  was  displaced  and  the  valley 
was  occupied  by  fresh  water. 

Geologists  tell  us  that  after  this  stage  of  the  formation  of  the 
Salton  Basin  had  been  reached  there  occurred  a  long  succession 
of  inundations  and  desiccations.  Owing  to  the  relatively  steep 
slope  or  "fall"  of  the  delta  northwestward  there  was  a  constant 
tendency  for  the  Colorado  River  to  abandon  its  course  to  the  gulf 
and  break  through  the  delta  barrier  to  the  recently  formed  Salton 
Basin.  This,  we  are  told,  happened  repeatedly  with  the  result 
at  times  that  the  Salton  Basin  became  filled  to  the  level  of  the 
rim  of  the  delta.  Thereupon  the  river  again  changed  its  course 
back  to  its  seaward  channel,  leaving  this  great  inland  body  of 
water  slowly  to  dry  up  through  the  agency  of  excessive  evapora- 
tion. All  persons  who  have  travelled  nmch  about  the  present 
Imperial  Vallej^  have  observed  at  various  points  the  ancient 
shore  line  which  marks  the  periphery  of  the  prehistoric  inland 
sea.  Untold  centuries  were  doubtless  occupied  bj'  these  alter- 
nate inundations  and  desiccations  until,  finally,  man  took  pos- 
session of  the  valley  and  constructed  l^arriers  to  prevent  the 
further  breaking  in  of  the  river. 

In  this  manner  the  Imperial  Valley  was  formed.  It  is  easy  to 
understand,  then  how  it  happens  that  the  floor  of  the  valley  within 
the  old  beach  lines  is  covered  with  a  thick  deposit  of  silt.  Obvi- 
ou.sly,  this  material  was  carried  in  by  the  successive  floodings  of 
the  Colorado  River  until,  at  present,  we  have  the  large  fertile, 
flourishing  region,  reaching  from  a  point  in  Mexico  20  miles  south 
of  Mexicali  to  Indio  and  from  Dixieland  to  Holtville.  Surround- 
ing the  Salton  Basin  on  the  west  and  north  are  fans  of  alluvial 
material  which  has  been  washed  down  from  the  arid  mountain 
slopes  for  past  ages.  The  transition  on  these  two  sides  of  the 
valley  from  silt  to  alluvium  is  very  abrupt.  The  Salton  Basin 
is  bordered  on  the  east  by  a  low  range  of  drifting  sand  hills. 
Southward  the  Imperial  Valley  opens,  with  practically  no  bar- 
riers, to  the  head  of  the  Gulf  of  California.     The  former  inland 
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sea  has  contracted  until,  in  its  present  form — Salton  Sea — it  is 
40  miles  long  l^j'  15  miles  wide.  At  its  lowest  point  the  lake  bed 
is  287  feet  below  sea  le\el. 

With  the  settlement  of  the  \;illcy  Ijv  man  and  the  development 
and  extension  of  the  irrigation  system,  over  400,000  acres  of  the 
floor  of  the  basin  have  been  l)rought  into  cultivation.  This  sud- 
den transformation  from  a  typical  desert  condition  to  one  of  ex- 
treme fertility  would  have  afforded  a  rare  opportunity  for  some 
interesting  studies  in  climatology  and  meteorology  had  the  work- 
ers in  these  fields  anticipated  in  time  the  revolutionary  changes 
for  which  the  region  was  destined.  So  far  as  the  writer  knows, 
unfortunately,  no  serious  meteorological  investigations  had  been 

TABLE  1 

Average  monthly  humidity  from  May,  1916,  to  February,  1919,  inclusive 


< 
< 

1 
a 

40.2 
40.0 
49.6 

< 
S 

.3 
< 

>• 
< 
s 

25.8 
27.7 
,40.4 

56.1 
46.3 
38.2 

0 

< 

8- 

35.9 
35.0 
44.8 

> 

i 

1916 
1917 
1918 
1919 

64.2 
39.1 
36.1 

27.3 
55.2 

27.8 
34.7 

13.8 
27.1 
34.2 

50.2 

41.8 
50.7 

40.9 
37.2 
45.9 

39.6 
31.2 
35.5 

57.6 
37.2 
46.8 

Average. . 

46.4 

43.3 

41.4 

31.3 

25.0 

31.3 

46.9 

47.6 

41.3 

38.6 

35.4 

47.2 

made  in  the  Salton  Basin  previous  to  its  settlement.  The  pres- 
ent writer  has  conducted  observations  of  temperature  and  hu- 
midity during  the  period  from  March  1916  to  the  present  date. 
Also  the  State  Experiment  Farm  at  Meloland  and  the  Water 
Company  at  Calexico  have  at  times  made  rather  disconnected  ob- 
servations of  a  similar  nature.  It  is  to  be  deeply  regretted  that, 
for  comparative  purposes,  there  are  available  no  systematic  data 
relative  to  the  conditions  in  the  Imperial  Valley  previous  to  its 
conversion  from  the  desert  state  to  the  cultivated  condition. 

The  writer's  meteorological  data  have  been  obtained  purely 
incidentally  to  his  entomological  investigations,  and  at  the  out- 
set there  was  no  thought  of  employing  them  as  in  the  present 
paper.     In  our  contact,  however,  with  people  engaged  in  various 
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activities  in  the  Imperial  Valle}'  we  have  heard  an  often  repeated 
assertion,  namely,  that  the  humidity  of  the  region  is  influenced 
directly  by  the  use  of  water  in  irrigation.  We  resolved  some 
time  ago  to  accumulate  the  data  necessary  to  test  the  validity  of 
this  idea,  and  the  present  deductions  are  based  on  the  daily  hu- 
midity readings  over  a  period  of  three  years  together  with  the 
figures  of  the  Imperial  Irrigation  District  for  the  total  use  of 
water  in  the  Imperial  Valley  by  months  for  the  identical  period. 
Each  year  in  August  in  the  Imperial  Valley  one  hears  frequent 
expressions  concerning  the  alleged  high  relative  humidity  con- 
current with  the  extreme  temperatures  at  that  time.     It  seems 
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to  have  been  the  almost  universal  opinion  among  vallej'  residents 
that  a  wave  of  humiditj-  strikes  the  region  during  the  month  of 
August.  It  is  also  the  general  belief  that  the  maximum  humidity 
is  directly  attributable  to  the  great  amount  of  water  being  used 
for  irrigation  at  that  time.  A  study  of  table  1  and  fig.  1  will 
be  of  interest  in  this  connection. 

It  will  be  noted  in  table  1  that  a  three-year  average  shows  that 
the  time  of  greatest  humidity  is  in  August,  with  the  month  of 
December  a  very  close  second. 

Similarly,  from  table  2  it  is  seen  that  for  the  simultaneous 
three-year  period  the  use  of  water  in  irrigating  is  heaviest  during 
the  month  of  .Julv. 
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Figure  1  presents  a  graph  visualizing  the  relation  of  the 
humidity  to  the  use  of  water.'  At  a  glance  one  is  struck  by  the 
aknost  complete  lack  of  correlation  between  humidity  and  irriga- 
tion. In  January  the  use  of  water  is  at  its  lowest  ebb,  whereas 
the  humidity  of  the  atmosphere  is  almost  at  its  maximum. 
Through  February,  j\Iarch,  April  and  ^lay  the  use  of  water  rap- 
idly increases  until  the  amount  distributed  over  the  valley  in 
May  is  over  four,  times  that  of  January.  Concurrent,  however, 
with  this  greatlj^  increased  use  of  water  it  is  noted  that  the  hu- 
midity decreases  fuUj'  as  rapidly — from  46.4  per  cent  in  January 
to  25.0  per  cent  in  May.     From  May  to  the  end  of  July  there  is  a 


Fig.  1.  Graphs  showing  the  relation  between  humidity  and  irrigation  in  the 
Imperial  Valley.  Relative  humidity  (heavy  line),  three-year  average,  1916-1918; 
use  of  water  in  thousand  second-feet  (light  line),  three  year  average  for  seasons 
of  1916-1918. 

slight  increase  in  the  use  of  water  amounting  to  about  18  per 
cent  of  the  May  volume.  However,  during  the  same  period  there 
is  a  remarkabl}^  disproportionate  enhancement  of  humidity, 
amounting  in  July  to  88  per  cent  in  excess  of  the  Alay  humidity 
per  cent.  Furthermore,  for  our  three-year  period  under  con- 
sideration, the  crest  of  the  seasonal  humidity  curve  was  reached 

'The  humidity  readings  were  made  at  El  Centro  with  the  regulation  Weather 
Bureau  sling  psychrometer  checked  by  readings  on  a  drum  hydrothermograph. 
The  data  for  the  use  of  water  were  furnished  froin  the  fileo  o.'  the  Imperial 
Irrigation  District  which  has  complete  control  of  all  water  u.icd  for  irrigation 
in  the  Im[)erial  Valley  of  California  and  Mexico. 
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in  August  but,  on  the  other  hand,  July  was  the  month  of  maxi- 
mum irrigation.  From  August  to  November  there  is  a  consid- 
erable downward  trend  both  of  water  use  and  humidity,  but  fol- 
lowing November  another  remarkable  discrepancy  occurs. 
Whereas  the  December  water  distribution  drops  nearly  to  the 
season's  minimum,  the  humidity  simultaneously  rises  practically 
to  the  seasonal  maxinmm. 

From  this  analysis  of  the  progress  of  humidity  throughout  the 
season  the  writer  is  forced  to  the  opinion  that  the  successive 
changes  in  the  atmospheric  moisture  at  the  different  periods  of 
the  year  are  of  a  geographically  wide-reaching  nature,  and  are 
not  induced  by  local  causes.  To  test  the  validity  of  this  assump- 
tion it  occurred  to  us  to  procure  similar  data  for  some  point  on 
the  Pacific  Coast  outside  the  barrier  of  the  Laguna  Mountains. 


Fig.  2.  Graph  showiii;;  imiuinl  range  of  humidity  at  San  Diego,  Cal.  Average 
for  1916-1918. 

Through  the  courtesy  of  Meteorologist  H.  F.  Alciatore,  of  the 
San  Diego  Weather  Bureau  ofiice,  we  secured  tlie  humidity  data 
for  that  station  for  the  identical  period  of  our  studies  in  the 
valley. 

San  Diego  is  over  100  miles  distant  from  l':i  C'entro  and  owing 
to  the  intervening  mile-high  range,  as  well  as  to  its  situation  on 
the  ocean,  it  might  be  expected  to  offer  local  conditions  quite 
uninfluenced  by  Imjierial  Valley  factors.  A  study  of  figure  2, 
which  graphically  presents  the  seasonal  changes  of  humidity  at 
San  Diego,  corroborates  the  writer's  previous  deductions,  namely, 
that  the  year's  humidity  behavior  in  the  Imperial  \'alley  is  regu- 
lated by  meteorological  conditions  of  a  rather  wide  geographical 
influence.  From  .January  to  May  there  is  a  somewhat  general 
droi)  ill  the  humidity,  followed  by  a  rise  to  the  seasonal  crest 
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through  June,  July,  August  and  September.  October  and  No- 
vember witness  a  sharp  decline  followed  by  a  substantial  increase 
in  December.  In  other  words,  there  is  a  fairly  good  agreement 
between  the  seasonal  humidity  fluctuations  for  El  Centro  and 
San  Diego  as  visualized  by  the  charted  data.  Most  especially 
we  would  emphasize  the  fact  that  the  great  increase  in  humidity 
from  May  to  July  is  very  e\ddently  a  regular  phenomenon  over 
an  extent  of  territory  including  both  the  Imperial  Valley  and  the 
coast  region  in  the  vicinity  of  San  Diego. 


1. 

S.F 


Fig.  3.  Graphs  showing  water  shortage  in  August,  1917,  and  accompanying 
humidity.  Use  of  water  (light  line)  in  thousand  second-feet,  shortage  indicated 
by  shading.     Relative  humidity  (heavy  line)  for  the  same  months. 

During  August  1917  the  valley  suffered  a  rather  severe  water 
shortage  through  low  water  and  engineering  difficulties  at  the 
intake.  During  the  very  height  of  summer  heat  the  distribution 
of  water  diopped  from  127,294  second  feet  in  July  to  85,349  sec- 
ond feet  in  August,  or  a  reduction  of  over  33  per  cent.  By  refer- 
ring to  figure  3  it  will  be  noted  that  this  sudden  checking  of  irri- 
gation produced  no  apparent  effect  on  the  general  seasonal  trend 
of  humidity  for  the  same  period. 
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By  a  comparison  not  only  between  the  humidity  and  irriga- 
tion data  for  Imperial  Valley  but,  in  addition,  between  the  hu- 
midity of  Imperial  Valley  and  San  Diego,  we  believe  we  have 
demonstrated  beyond  question  that  the  relative  use  of  water  at 
successive  periods  throughout  the  season  is  not  a  controlling  fac- 
tor of  humidity  at  these  respective  periods.  We  will  even  go  as 
far  as  to  state  that  our  studies  justify  the  opinion  that  no  ap- 
preciable influence  upon  the  course  of  humidity  through  the 
season  is  exerted  by  the  amount  of  irrigation  water  distributed 
over  the  Imperial  Valley. 

If  our  deductions  are  correct,  therefore,  we  have  obviously  re- 
futed the  generally  accepted  belief  throughout  the  Imperial  Val- 
ley that  the  degree  of  atmospheric  humidity  is  directly  influenced 
or  controlled  by  the  relative  amount  of  water  that  is  distributed 
over  the  land  bj^  irrigation.  And,  as  above  stated,  we  are  con- 
vinced that  the  seasonal  humidity  fluctuations  are  to  be  ac- 
counted for  through  geographically  far-reaching  meteorological 
factors. 


BOOKS  AND  CURRENT  LITERATURE 

Methods  in  Nutrition  Experiments. — A  comprehensive  but  con- 
cise paper  by  Schreiner  and  Sl^inner'  emphasizes  the  great  value  of  the 
triangular  diagram  (showing  the  relative  proportions  of  three  constit- 
uents when  the  siuu  of  all  three  remains  the  same  in  all  cases)  in  ferti- 
lizer studies.  A  number  of  studies  on  solution  cultures  and  sand  cul- 
tures as  well  as  on  field  tests,  in  which  this  system  was  employed,  are 
mentioned  and  cited.  Moreover,  this  paper  is  full  of  pictures  and 
diagrams  showing  the  authors'  own  devices  as  well  as  those  of  other 
writers,  and  these  servo  to  illustrate  the  simplicity  of  planning  nutrition 
experiments  and  presenting  or  interpreting  the  results  obtained  there- 
from, when  the  triangular  diagram  is  employed.  INIethods  for  laying 
out  plats  for  fertihzer  study  in  the  field  and  for  making  fertilizer  mix- 
tures differing  in  salt  propoi-tions,  by  equal  stages  or  increments  (these 
being  indicated  bj-  stating  the  fractional  part — per  cent — represented 
by  each  salt  in  the  mixture),  are  Ukewise  described. 

In  the  preparation  of  fertilizer  mixtures  the  authors  make  their 
calculations  on  the  basis  of  equivalents  of  P^O;,  NH3,  and  K2O.  While 
there  seems  to  be  no  plausible  reason  for  adh(;ring  to  this  old-fashioned 
method — which  easily  leads  to  erroneous  conceptions — yet  the  authors 
calculated  their  essential  elements  in  this  way  so  as  to  be  "in  con- 
formity with  fertilizer  practice,  even  when  the  nitrogen,  for  instance,  is 
in  the  nitrate  fonn."  There  are  histojrc  reasons  for  the  prevalence  of 
these  curious  bases  for  calculation  in  fertilizer  practice,  but  it  seems 
desirable  that  the  acknowledged  leaders  in  this  sort  of  work  might  soon 
begin  to  improve  fertilizer  practice  by  introducing  a  more  logical  method 
of  calculation  and  comparison.  It  is  not  easy  to  fix  upon  any  atomic 
group  that  will  surelj-  represent  the  relative  nutritional  value  of  each 
of  the  three  elements,  potassium,  phosphorus,  and  nitrogen,  but  it  is 
safe  to  say  that  the  nutritional  values  of  any  three  substances  suppl}'^- 
ing  these  elements  are  surely  7wt  in  proportion  to  the  K,  P,  and  N 
contents  of  these  substances  when  these  contents  are  calculated  as 
K2O,  P2O5  and  NH3,  respectively.     It  seems  desirable  to  let  the  K,  P, 

'Schreiner,  Oswald,  and  J.  J.  Skinner.  The  triangle  .'5ystem  for  fertilizer 
exi)eriments.    Amer.  Soc.  Agron.  10:  225-246.     1918. 
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and  N  equivalents  of  a  fertilizer  niLxture  be  simply  represented  bj-  the 
actual  K,  P,  and  N  contents  perhaps  in  terms  of  percentages  of  the 
total  weight  of  the  mixture.  It  would  tend  greatly  toward  clarification 
of  a  somewhat  complicated  and  frequently  misunderstood  set  of  rela- 
tions, if  this  plan  might  be  followed  in  field  studies,  just  as  it  has  gen- 
erally been  followed  in  the  naost  satisfactory  studies  of  water  and  sand 
cultiu'es.  If  a  given  acre-ration  of  a  fertilizer  mixture  actually  con- 
tains 200  pounds  of  potassium  there  seems  to  be  oo  valid  reason,  for  calcu- 
lating this  amount  in  terms  of  possible  KiOmany  more  than  for  calcu- 
lating it  in  terms  of  possible  KCl,  KNO3,  KjCOj,  K2SO4,  or  any  other 
atomic  group  in  which  K  may  occur.  If  anyone  desires  to  know  how 
much  of  the  oxide  might  Im-  sec'ured  from  200  pounds  of  potassium,  he 
can  readily  find  this  out,  but  if  our  fertilizer  terminology  were  clear  and 
direct  it  is  doubtful  if  anyone  would  care  to  know  the  answer  to  such  a 
question.  If  any  manipulation  is  to  be  perfonned  upon  the  actual 
content  of  the  mixture,  as  represented  by  weight,  it  is  immediately 
suggested  that  this  ought  to  result  in  giving  us  the  content  in  terms  of 
molecular  units,  as  gram-molecules,  etc.  But  these  are  readily  obtain- 
able from  the  weight  itself.  As  an  illustration  of  these  points,  the 
following  statements  refer  to  the  example  mentioned  above.  The 
given  acre-ration  actually  contains  200  pounds  of  potassium.  It 
represents  a  possible  2-10.0  pounds  of  K2(),  a  possible  353.2  pounds  of 
K0CO3,  a  possible  516.9  pounds  of  KNO.-j,  etc.  Finally  it  actually  con- 
tains 2317.2  gram-molecules  of  potassium. 

The  paper  here  considered  should  be  familiar  to  all  who  are  inter- 
ested in  field  experimentation  on  fertilizers  and  also  to  all  who  are 
interested  in  the  salt  nutrition  of  cither  plants  or  animals.  The  prob- 
lems of  salt  nutrition  are  so  complicated  (by  numerous  possible  vari- 
ables) that  a  clear  grasp  of  any  concrete  case  is  hardly  to  be  secured 
without  resorting  to  some  such  sj^stem  of  tabulation  or  graphical 
representation  as  that  furnished  by  the  triangular  diagram  for  three 
components,  or  the  pyramidal  diagram  for  more  than  three  components. 
Schreiner  and  Skinner  are  pioneers  in  the  emplo\Tnent  of  this  system 
and  it  is  to  be  hoped  that  tiiey,  as  well  as  others,  will  continue  in  its 
employment.  Agricultm-al  practice  needs  planned  experimentation, 
and  much  of  it,  and  this  .system  of  graphical  rcpi:esentation  permits 
logical   planning  and   exhaustive  interpretation  of  results. —  Raf.   B. 

ESPINO. 
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Vegetation  of  Southern  South  America. — Our  knowledge  of  the 
vegetation  and  flora  of  southern  Chile  and  the  Patagonian  Andes  has 
been  greatly  amplified  by  the  results  of  the  Swedish  Expedition  of  1907- 
1909,  led  by  Dr.  Carl  Skottsl)erg.  A  preliminary  paper'  publish(>(l  in  1910 
gave  an  outline  of  the  geobotanical  results  and  a  map  of  the  distribution 
of  the  leading  types  of  forest.  In  a  more  recent  publication-  Dr.  Skotts- 
berg  has  given  in  full  the  floristie  and  plant  geographical  results  of  the 
expedition.  Although  the  botanical  features  of  the  coast  itself  were 
heretofore  poorly  known,  we  now  have  an  extended  description  of  the 
vegetation  based  on  an  overland  journey  of  1500  km.  down  the  Andine 
valleys  from  Puerto  Montt  to  Punta  Arenas.  The  composition  of  the 
forests  is  given  in  detail  and  equal  attention  has  been  bestowed  on  the 
strand,  bogs,  swamps,  alpines  and  savanna  throughout  this  little-known 
region. 

From  41°  to  48°  S.  the  coast  and  numerous  islands  are  occupied  by  a 
temperate  rain-forest  in  wliich  about  25  evergreen  broad-leaved  trees 
are  common,  the  most  frequent  being  species  of  the  antartic  beech  {No- 
thofagus  dombeyi  and  N.  iiitkla).  This  forest  is  rich  in  lianes  and  epi- 
phytes as  well  as  in  ferns,  including  the  Hymenophyllaeeae.  Slender 
climbing  bamboos  are  abundant  and  epiphj^tic  and  terrestrial  mosses 
are  omnipresent,  the  latter  sometimes  reaching  a  height  of  30  cm. 

The  Chilean  coast  from  48°  S.  to  Cape  Horn  is  occupied  by  a  type  of 
rain-forest  which  is  low  in  stature,  poor  in  number  of  tree  species  and 
with  few  lianes  and  epiphytes.  The  leading  trees  of  this  region  are 
Xothofagus  betuloides,  Driinys  vointeri  (Magnoliaceae),  and  the  conifers 
Libocedriis  tetra^ona  and  Podocarpus  nubigena,  which  occur  gregariously 
in  a  low  forest  sometimes  no  more  than  12  to  15  feet  in  height.  The 
valleys  on  the  Patagonian  side  of  the  Andes  are  occupied  by  a  deciduous 
forest  in  which  the  characteristic  trees  are  Nothofagus  pumilio  and  N. 
anfarctica.  The  Patagonian  "steppe"  is  occupied  by  a  diversified  grass- 
land,with  shrubs,  root-perennials  and  streamsid(>  trees.  The  dominant 
grasses  are  species  of  Festuca  and  Mulinuvi,  and  among  the  shrubs  are 
representatives  of  Ephedra,  Berheris,  Lyciimi,  Baccharis  and  many  other 
genera  not  so  familiar  to  North  American  botanists. 

'  Skottsbcrg,  Carl.  Botanische  Ergebnisse  der  schwcdischen  Expedition  nach 
Patagonien  und  dem  Feuerlande  1907-1909.  I.  tlbersioht  libor  die  wichtigsten 
Pflanzenformationen.  Kungl.  Sveiiska  Vetens.  Hand.46;  No.  3:  1-2S,  with  map. 
1910. 

^  Skottsberg,  Carl.  Botanische  Ergebnisse  der  swedischen  E.xpedition  nach 
Patagonien  und  dem  Feuerlande  1907-1909.  V.  Die  Vegetations-verhiiltnisse 
langs  der  Cordillera  de  los  Andes  ,S.  von  41°  S.  br.  Kungl.  Svenska  Vetens.  Hand. 
56:  Xo.  5:  1-366,  Pis,  23.     1916. 
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The  descriptions  of  both  major  and  minor  phuit  communities  are  given 
with  fulhiess,  and  with  abbreviations  indicating  the  relative  abundance 
of  each  species.  An  extended  list  of  species  brings  together  in  systematic 
order  all  of  the  plants  collected  and  describes  their  distribution  and 
habital  occurrence. 

To  those  who  are  unfamiliar  with  a  region,  a  much  more  vivid  appre- 
ciation of  its  botanical  aspects  can  be  had  from  a  few  well-chosen  illus- 
trations than  from  many  pages  of  the  most  carefully  elaborated  text. 
The  forty-six  magnificent  illustrations  accompanying  Skottsberg's  later 
paper,  taken  together  with  the  text,  and  also  the  distributional  map  to 
be  found  in  his  earlier  paper,  give  an  extremely  satisfactory  first  account 
of  the  plant  geography  of  the  southernmost  portion  of  the  western 
hemisphere. — Forrest  Shreve. 

The  IMeciiaxism  of  Tumor  Groavth  in  Cro\\'xgall. — As  a  result 
of  further  studies  on  a])normal  proliferation  of  cells  in  plants,  Erwin 
Smith  concludes'  that  the  sthnuli  act  indirectly  "by  the  removal  of 
various  inhibitions"  rather  than  directly  on  the  protoplasm  of  the  cell. 
He  also  now  beheves  that  the  agent  causing  proliferation  is  much 
simpler  than  he  formerly  supposed.  In  his  experiments,  castor-bean, 
tomato  and  cauliflower  plants  were  injected  with  non-toxic  doses  of 
ammonia  and  various  ammonium  salts,  uric,  malic,  tartaric,  acetic, 
sulphuric,  phosphoric,  and  hydrochloric  acids,  chlorofonn,  sodium 
bicarbonate,  and  other  substances,  and  the  result  was  active  cell  pro- 
liferation strikingly  like  that  of  gall.  It  is  suggested  that  these  sub- 
stances change  the  surface  tension  of  the  cells  in  the  region  injected, 
thus  lessening  "physiological  restraint"  and  leading  to  cell  division. 
Ammonia,  as  one  of  the  metabolic  products  of  bacteria,  would  saponify 
the  lipoids  of  the  host  cell  membranes,  resulting  in  the  outward  dilTu- 
sion  of  bacterial  products  from  the  invaded  tissue  and  an  inward  move- 
ment of  food  materials  necessary  for  rapid  growth.  It  appears  there- 
fore, to  be  unnecessary  to  attribute  the  abnormal  growth  of  galls  to 
complex  toxins.  The  paper  includes  a  fine  set  of  photomicrograi^hs  of 
cell  proliferations  in  the  plants  subjected  to  experiment. — J.  G.  Bitowx. 

'  Smith,  Erwin  F.  The  mechanism  of  tumor  growth  in  orowngall.  .lour. 
Agric.  Res.  6:  165.    1917. 
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NOTES  AND  COISOIENT 

Professor  Douglas  H.  Campbell  has  contributed  to  the  Stanford 
University  Publications  a  paper  on  the  Derivation  of  the  Flora  of 
Hawaii.  He  alludes  to  the  well-known  strongly  endemic  character  of 
the  Hawaiian  flora  and  fauna  and  to  the  evidences  for  a  prolonged 
isolation  of  the  islands  from  any  of  the  continental  masses.  As  a  result 
of  his  recent  visits  to  Hawaii  Professor  Campbell  has  l^een  able  to  in- 
crease the  known  flora  of  hepatics  by  33  per  cent.  Among  these  the 
primitive  thallose  forms  are  the  most  strongly  represented  and  all  of  the 
species  are  of  Polynesian  affinity  except  two  that  are  common  to  that 
region  and  to  North  America.  The  evidence  secured  by  Pilsbry  in  a 
study  of  Hawaiian  snails  corroborates  the  botanical  evidence  that  the 
Hawaiian  archipelago  was  formerly  more  extensive  and  connected  more 
closely  with  land  masses  to  the  southwest.  The  sharp  isolation  of  the 
islands  appears  to  date  from  the  early  Tertiary  and  to  have  been  coin- 
cident with  the  uplifting  of  the  great  cordillera  which  sldrts  the  Pacific 
coast  of  North  and  South  America. 

Dr.  W.  A.  Murrill,  of  the  New  York  Botanical  Garden,  has  added  to 
his  list  of  popular  publications  a  small  volume  entitled  The  Natural 
History  of  Staunton,  Virginia.  A  diary  of  events  in  the  plant  and 
animal  world  is  given,  together  with  lists  of  trees,  shrubs  and  herbaceous 
plants  collected  in  that  vicinity. 

Papers  in  the  Geographical  Review  by  Theodoor  de  Booy  describe  an 
expedition  from  Lake  Maracaibo  to  the  Sierra  Perijd,  on  the  frontier  of 
Venezuela  and  Colombia.  Both  in  te.Kt  and  illustrations  these;  papers 
contain  much  of  interest  to  the  botanist,  particularly  in  the  descriptions 
of  the  savannas  which  lie  west  of  Lake  Maracaibo. 
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THE  CLASSIFICATION  OF  VASCULAR  PLANTS:  A 
REVIEW 

HENRY  S.  CONARD 
Grinnell  College,  Grinnell,  Iowa 

It  is  no  longer  possible  to  discuss  the  life,  structure  and  re- 
lationships of  plants  in  the  terminology  of  currently  accepted 
classification.  Professor  Bower's  great  work  on  the  Land  Flora, 
issued  ten  years  ago,  and  Professor  Jeffrey's  notable  Anatomy  of 
Woody  Plants,  have  shed  a  new  and  clear  light  upon  the  evolution 
of  the  Vasculares.  A  comparison  of  the  views  so  lucidly  and  indis- 
putably set  forth  in  these  two  epoch-making  volumes  with  the 
arrangement  of  Engler's  Syllabus  or  Gray's  Manual  shows  how 
serious  is  the  discrepancy  between  the  systematic  and  the 
morphological  texts.  This  is  no  criticism  of  the  systematists. 
It  simply  means  that,  along  major  lines,  systematic  botany  is 
in  immediate  need  of  revision — such  a  revision  as  constitutes 
the  real  raisan  d'etre  of  systematists.  'VNTien  the  evidence  of  a 
need  of  revision  is  found  in  two  such  notable  texts  as  those  of 
Bower  and  Jeffrey,  the  need  has  already  become  urgent,  for 
such  books  are  not  written  in  a  day.  They  represent  the  con- 
clusions from  many  years  of  study  and  thought  on  the  part  of 
many  workers.  Such  books  immediately  take  precedence  of  all 
former  work,  so  far  at  least  as  relates  to  their  statement  of  facts. 

At  the  same  time  there  are  details  of  classification  and  ter- 
minology on  which  morphological  writers  exhibit  a  freedom 
which  might  well  be  cm-bed  in  the  interest  of  the  botanical 
public.  The  International  Rules  of  Botanical  Nomenclatm-e 
were  issued  in  1905  and  again  in  1910.  But  in  the  discussion  of 
Gymnosperms,  for  example,  neither  Penhallow,  Coulter  and 
Chamberlain  nor  Jeffrey  shows  any  apparent  effort  to  conform 
to  the  international  rules.  Thus  a  mutual  readjustment  is 
called  for.  The  following  tabulation  is  an  attempt  at  such  a 
readjustment. 
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Division  1.  THALLOPHYTA.     Reproduction  by  spores  of  various  Ivinds,  or  by 
gametes,   or  both.     No  protected  embryo.     Plant  body  with  little  or  no 
differentiation  of  vegetative  organs,  unicellular  or  multicellular. — A  mis- 
cellaneous group  of  algae,  fungi  and  lichens. 
Division  2.     EMBRYOPHYTA   (Arehegoniatat).     Oogamic  by  eggs  in  arehe- 
gonia  or  embryo  sacs.     Fertilized  egg  becoming  a  multicellular  embryo, 
contained  at  first  within  the  tissues  of  the  parent.     Alternation  of  genera- 
tions.    Plant  body  showing  leaf  and  stem,  and  ultimately  root  and  flower. 
Subdivision  1.     Atracheat.\    (Bryophyta).— Thalloid   or  phylloid   plants  of 
small  size,  without  roots  or  tracheary  tissues.     Gametophyte  alone  lives 
independently,  the  sporophyte  being  parasitic  upon  it. 
Subdivision  2.     Tr.\che.\ta   (Vasculares).— Plants  with  root,   stem  and  leaf 
containing  tracheary  tissues.     Sporophyte  lives  independently  of  game- 
tophyte, the  latter  becoming  successively  reduced  almost  to  obliteration. 
Series  1.     lycopsida. — Palingenetically  microphyllous.     Tracheary  tissue  of 
stem  protostelic,  or  siphonostelic  and  cladosiphonic.     Sporangia  few, 
ada.xial.     Leaves  narrow,  whorled  or  crowded. 
Order  1.     Lycopodiales 

Suborder  1.  Isosporineae  (Isosporeae;  Eligulatae) 
Family  1.  Lycopodiaceae 

2.  Psilotaceae 

Suborder  2.  Heterosporineae  (Heterosporae;  Ligulatae) 
Family  3.  Lepidodendraceae 

4.  Isoetaceae 

5.  Selaginellaceae 
Order  2.  Equisetalcs 

Family  0.  Sphenophyllaccae 

7.  Calamitaceae 

8.  Equisetaccae 

Series  2.     pteropsida.— Palingenetically  mcgaphyllous.    Tracheary  tissue  of 
stem  protostelic,  or  siphomostelic  and  primarily  phyllosiphonic.     Spor- 
angia numerous  or  few,  primarily  abaxial. 
Class    1.  Aspermae.— Fern   plants,    wholly    lacking    seed-like    structures 
(Filicales  of  Gray's  Manual  and  Jeffrey) 
Subclass  1.  Eusporangiatae 
Order  1.  Ophioglossales 

Family  1.  Ophioglossaceae 
Order  2.  Marattiales 
Family  2.  Asterothecaceae 

3.  Marattiaceae 
Subclass  2.  Leptosporangiatac 

Order  3.  Osmundales 

Family  4.  Osmundaceae 
Order  4.  Filicales 

Suborder    1.  Isosporineae 
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Famih'    5.  Gleicheiiiaceae 

G.  Schizacaceae 

7.  Matoniaccae 

8.  Cyatheaceae 

9.  Polypodiaceae 

10.  Ilymcnophyllaceae 

11.  Parkeriaceae 
Suborder    2.  Heterosporineae 

Family  12.  Marsiliaceae  (Cf.  Schizacaceae) 

13.  Salviniaceae  (Cf.  Hymenophyllaceae) 
Class  2.  Gymnospermae.— Pollen  received  mostly  in  miciopyle  of  ovule. 
No  carpellary  stigma.     Seed  bearing. 
Subclass  1.  Archigymnospermae.— Seeds  witli  a  pollen  chamber;  fertili- 
zation by  motile  .sperms;  cryptogamic  wood  evident. 
Order  1.  Cycadofilicales 
2.  Bennetitales 
Family  1.  Bennetitaceae 
Order  3.  Cycadales 

Family  2.  Cycadaceae 
Order  i.  Cordaitales 

Family  3.  Cordaitaceae 
Order  5.  Ginkgoales 
Family  4.  Ginkgoaceae 
Subclass  2.  Metagymnospermae.— No  pollen  chamber.     Fertilization  by 
means  of  pollen  tubes.     Cryptogamic  wood  absent  or  reduced  to 
transfusion  tissue. 
Order  6.  Coniferales  (Fam.  Coniferae  of  Eichler  and  morphologists) 
Family  5.  Pinaceae 
Tribe  1.  Abieteae  (Abietineae  of  Eichler) 
Subtribe  1.  Pininae  (Pineae  of  Jeffrey) 
Genus  1.  Prepinus 

2.  Pinus 

3.  Picea 

4.  Lari.x 

5.  Pseudotsuga 

Subtribe  2.  Abietinae  (Abieteae  of  Jeffrey) 
Genus  6.  Cedrus 

7.  Pseudolari.K 

8.  Abies 

9.  Tsuga 

Tribe  2.  Taxodieae  (Ta.\odineae  of  Eichler) 
3.  Cupresseae  (Cupressineae  of  Eichler) 
Subtribe  1.  Actinostrobiuae 

2.  Thujopsidinae 

3.  Cupressinae 

4.  Junipereinae 

Family  6.  Araucariaceae  (.Vraucariineae  of  Eichler) 
7.  Ta.xaceae 
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Subfuiiiily  1.   I'odocarpoideae 

2.  Phyllocladoideae 

3.  Taxoideae 
Tribe  1.  Cephalotaxeae 

2.  Taxeae 
Genus  Torreya 

Taxus 
Class  3.  Aiigiospermae. — Pollen  received  upon  a  stinnia  of  the  carpel 
Subclass  1.  Dicotyledoneae 
Cohort  1.  Archichlamydeae 
Order  1.  Casuarinales 

Family  1.  Casuarinaccae 
Order  2.  Piperales 
Family  2.  Saururaceae 

3.  Chloranthaceae 

4.  Piperaceae 

5.  Lacistcmaccae 

Etc.,  following  Engler. 
Cohort  2.  Metachlamydeae 
Order  31.  Ericales 
Family  189.  Clethraceae 

190.  Pirolaceae 

191.  Lennoaceae 

192.  Ericaceae 
Etc. 

Subclass  2.  Monocotyledoneae 
Order  41.  Pandanales 
Family  241.  Typhaceae 

242.  Paudanaceae 

243.  Sparganiaceae 
Order  42.  Hclobialcs 

Family  244.  Potamogetonaceac 
245.  Najadaceae,  &c. 

There  should  be  general  agreement  upon  the  validity  and 
significance  of  most  of  the  terms  of  the  above  table.  Tlie  claim 
that  this  arrangement  is  the  most  desirable  one,  however,  may 
need  defence.  It  will  be  possible  only  to  suggest  some  of  the 
general  principles  of  classification  to  which  we  suppose  all  \\'ill 
agree,  and  to  point  out  some  of  the  facts  upon  which  this 
ai-rangement  is  based. 

A  classification  should  first  of  all  conform  to  the  discovered 
facts  of  nature.  Our  present  ideal,  as  I  understand  it,  is  to 
present  in  1al)ular  form  an  epitome  of  the  ]ilant  world  and  its 
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evolutionary  rolationsliips.  Such  a  classification  is  a  summary 
of  all  of  our  knowledge  of  plants — structure,  development  and 
life  history,  physiologj',  ecologj-  and  even  bio-chemistry.  For 
all  of  these  are  at  once  causes  and  effects  of  the  evolutionary 
process.  This  is  whj'  classification  must  be  ever  changing,  ever 
adjusting  itself  to  new  knowledge. 

A  classification  must  also  be  a  convenient  tool  for  all  botanical 
workers.  This  demands  simplicity.  An  ideal  arrangement 
would  be  dichotomous.  At  any  rate,  coordinate  groups  must 
not  be  too  numerous.  There  must  be  an  adequate  but  not 
cumbrous  terminology,  and  this  must  be  consistently  used. 
Groups  should  be  monophyletic,  and  should  be  natural.  Where 
these  ideals  are  not  compatible,  which  will  very  often  be  the 
case,  it  must  remain  a  matter  of  opinion  whether  one  or  another 
principle  shall  prevail.  On  main  points,  however,  we  are  now 
in  position  to  expect  substantial  agreement. 

The  old  distinction  between  Cryptogams  and  Phenogams  is 
well  nigh  extinct.  And  yet  it  is  useful  for  certain  purposes,  and 
should  be  used  without  apology  in  those  cases  where  it  is  needed. 
There  is  no  better  means  of  distinguishing  those  plants  which 
are  disseminated  primarily  by  spores  from  those  which  are  dis- 
seminated bj^  seeds.  The  distinction  has  become  ecological 
rather  than  morphological,  although  of  course  the  seed  plants 
are  descendants  of  spore  plants.  These  two  terms  may  no 
longer  be  used  for  elementary  teaching.  They  belong  only  to 
peculiar  situations,  in  the  vocabulary  of  advanced  students. 

No  apology  is  necessary  for  eliminating  the  terms  endogen 
and  exogen.  One  would  have  thought  that  as  taxonomic  divi- 
sions of  seed-plants  they  had  entirely  dropped  out  of  sight,  had 
not  a  recent  elementary  book  of  considerable  merit  brought  them 
again  into  print.     Requiescant  in  pace. 

It  looks  now  as  though  Pteridophyta  and  Spermatophyta 
should  also  be  committed  to  the  history  books  and  advanced 
laboratories.  That  the  boundaries  between  these  groups  is 
hopelessly  broken  down  is  indicated  by  the  fact  that  Engler 
places  the  Cycadofilicales  in  the  former  group,  and  Jeffrey 
places  them  in  the  latter.     We  could  still  retain  these  terms  if 
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we  had  not  something  simpler,  tnier,  and  er[iially  convenient. 
It  is  to  be  desired  that  beginning  students  shall  approach  their 
studies  with  clear,  concise  and  accurate  ideas  of  a  permanent 
classification.  This  demands  dropping  a  scheme  which  places 
ferns  and  seedplants  in  sharply  separated  primary  di^•isions  of  the 
Plant  Kingdom.     So  much  for  omissions. 

The  designation  of  Thallophyta  and  Embrj'ophyta  as  the 
primary  dixdsions  of  the  Plant  Kingdom  is  not  all  that  could 
be  desired.  The  lower  group  is  far  from  homogeneous,  and  is 
characterized  more  by  lack  of  definite  organization  than  by  any 
positive  element.  It  is  only  in  a  distant  way  to  be  considered 
monophyletic.  Engler's  arrangement  of  these  plants  under 
eleven  coordinate  headings  certainly  has  much  to  commend  it; 
it  is,  however,  too  cumbrous.  The  gathering  of  these  together 
under  the  single  title  Thallophyta  does  no  violence  to  the  facts. 
The  larger  unit  is  so  convenient  as  to  be  almost  indispensable  in 
elementary  work.  At  any  rate  it  has  found  very  wide  accept- 
ance and  may  well  be  retained.  Under  this  heading  the  system 
of  Engler's  Syllabus,  or  Oltmann's  Algae,  or  Lotsy's  Lectures 
may  be  readily  used.  As  to  phylogeny,  the  family  tree  of  the 
Vegetable  Kingdom,  when  satisfactorily  completed,  will  most 
resemble  the  classic  hour-glass-shaped  pasture-form  of  thorn 
tree — from  a  broad  bushy  base,  representing  the  lower  plants, 
will  arise  a  fairly  clean  cut  trunk,  which  again  branches  above 
into  the  broad  and  bushy  crown  of  the  Embryophyta.  The 
unity  of  this  latter  group  is  attested  by  the  widely  accepted  name 
of  Archegoniatae.  We  have  preferred  the  newer  name  for  three 
reasons.  First  the  occurrence  of  an  embrj'o  developed  from  the 
fertilized  egg  and  cared  for  during  its  earlj'^  stages  within  parental 
tissues,  is  an  outstanding  character  of  the  group,  and  it  is  this 
character  which  has  probably  been  a  determining  factor  in  the 
survival  and  extension  of  the  group.  The  statement  in  Gray's 
Manual,  p.  33,  that  ferns  are  without  embryo  refers  only  to  the 
product  of  the  spore.  Secondly,  the  archegonium  is  at  best  a 
small  and  obscure  organ,  not  easily  seen  or  appreciated;  and  it 
is  completely  obliterated  in  the  higher  members  of  the  series. 
Finally,  according  to  the  ouphonj-  (or  terminology,  if  you  like) 
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SO  popular  in  botanical  nomenclature,  the  words  Eml)ryophyta 
and  Thallopliyta  readily  suggest  one  another. 

The  division  of  Embryophyta  into  those  groups  without 
tracheary  cells  and  those  with  such  organs  may  be  opposed 
because  it  involves  a  negative  character.  On  the  other  hand, 
the  Vascular  plants  have  long  been  recognized  as  a  group  with 
profound  natural  affinities.  This  distinction,  used  by  De  Can- 
doUe  over  a  hundred  years  ago,  was  powerfully  reasserted  by  de 
Bary's  anatomical  treatment  of  the  group.  It  is  rendered  per- 
manent and  unequivocal  by  the  critical  researches  and  logical 
analysis  of  Professor  Jeffrey  and  his  school.  There  is  nowhere 
a  more  "natural"  unit  than  the  Tracheata  and  the  tracheary 
tissues  which  have  been  used  to  prove  this  fact  may  well  be 
referred  to  in  naming  the  group.  The  term  Vasculares,  referring 
to  vessels,  is  not  so  apt,  seeing  that  true  vessels  are  absent  in  a 
large  portion  of  the  group. 

The  most  brilliant  achievement  of  inductive  reasoning  since 
the  days  of  Hofmeister  was  the  recognition  by  Jeffrey  in  1898 
of  the  two  great  phyla  of  tracheate  plants,  the  Lycopsida  and 
Pteropsida.  This  distinction  has  been  freshly  vindicated  by 
everj'  discovery  bearing  on  the  problem.  The  fundamental  dif- 
ferences in  stem,  leaf,  and  sporangium  between  these  two  phyla 
are  absolutely  basic  to  any  discussion  of  the  broader  aspects  of 
comparative  anatomy  of  vascular  plants. 

It  will  be  readily  recalled  that  in  all  Lycopods  and  Equiseta 
the  leaves  are  very  small  (microphyllous) .  The  sporangia  of 
Lycopodium,  Selaginella  and  Isoetes  are  clearly  related  to  the 
upper  surface  of  the  leaf  (adaxial).  In  Equisetiim  the  sporangio- 
phores  are  the  relics  of  an  axillary  or  dorsal  outgrowth  of  the 
sporophyll.  The  sporophj'Il  has  entirely  disappeared  from  living 
Equiseta.  The  leaf  trace  of  Eqidsetum  is  small,  and  its  separa- 
tion from  the  vascular  system  of  the  stem  makes  no  gap  or 
other  modification  in  the  latter.  A  similar  condition  exists  in 
Lycopodiales.  But  in  those  Lycopodiales  with  a  hollow  cylin- 
der of  vascular  tissues,  this  cylinder  is  interrupted  or  broken 
open  by  the  passage  of  a  segment  of  it,  entire,  out  into  a  branch 
(cladosiphonic). 
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On  the  other  hand,  tlic  leaves  of  ferns  and  angiosperms  and 
the  older  Cordaitales  and  Cycadales,  are  usually  large  and  con- 
spicuous (megaphyllous).  Small  leaves  are  in  all  cases  clearly 
modifications  of  the  former  type.  The  sporangia  in  nearly  all 
the  lower  forms  are  numerous,  and  on  the  back  of  the  leaf 
(abaxial).  Profound  modifications  of  this  character  occur  in 
Angiosperms.  "V^Tierever  a  leaf  is  attached  to  the  stem  in  all  of 
this  great  group  of  plants,  the  vascular  tissues  of  the  stem  bend 
out  bodily  to  form  the  leaf  trace.  In  hollow  cyUndrical  vas- 
cular systems,  this  leaves  a  gap  in  the  cylinder — a  leaf  gap 
(phyllosiphonic) . 

In  view  of  the  importance  of  these  distinctions,  it  is  imperative 
that  at  this  point,  at  least,  classification  must  be  immediately 
adjusted  to  the  present  morphological  conclusions.  And  if  the 
profoundest  cleavage  in  the  higher  plants  lies  between  the 
Lycopsida  and  Pteropsida,  then  we  must  put  into  the  back- 
ground such  terms  as  Pteridophyta  and  Spermatophyta.  Nothing 
may  be  permitted  to  obscure  this  major  conclusion. 

In  our  present  imperfect  knowledge  of  the  fossil  Tracheata, 
we  are  unable  to  separate  sharply  between  the  fern-like  seed 
plants  and  the  seed-plant-like  ferns.  Apparently  this  separation 
is  destined  to  become  more  obscure  with  increasing  knowledge. 
We  are  therefore  justified  in  co-ordinating  the  ferns  and  gym- 
nosperms.  The  evidence  tends  also  to  close  the  gap  between 
gymnosperms  and  angiosperms.  There  are  left,  therefore,  in  the 
Pteropsida  three  co-ordinate  groups.  The  nomenclature  of 
these  groups  and  their  subdivisions  presents  some  awkward 
difficulties. 

According  to  International  Rules,  groups  of  ordinal  rank  have 
names  ending  in  -ales.  Names  of  sub-orders  end  in  -ineae,  of 
families  in  -aceae,  of  sub-families  in  -oideae,  of  tribes  in  -eae,  and 
of  sub-tribes  in  -inae.  This  has  become  current  usage  in  the 
classification  of  angiosperms.  The  results  are  so  satisfactory 
that  the  terms  have  met  with  general  acceptance,  and  there  is 
even  a  surprising  unanimity  regarding  the  limits  and  contents 
of  the  many  orders  and  families.  It  would  obvioysly  be  folij^ 
to  criticise  oi-  attempt  to  change  this  usage  as  applied  to  dicoty- 
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ledoiis  and  monocotyledons.  Similarly,  in  the  Lycopsida,  the 
names  of  orders  and  families  are  practically  fixed.  The  basis, 
at  least,  is  agreed  upon.  It  must  be  noted,  however,  that  the 
orders  in  Lycopsida  are  very  much  more  distinct  from  one 
another  than  are  the  orders  of  dicots  and  monocots.  The  ter- 
mination -ales  is  consistently  used  within  each  great  group,  but 
is  not  used  consistently  when  the  "two  great  groups  are  com- 
pared. This  is  due  to  the  one  group  being  small  and  nearing 
extinction,  and  the  other  being  large  and  aggressive.  The  incon- 
sistency is  not  objectionable,  and  is  almost  unavoidable. 

It  seems  necessary,  for  the  sake  of  uniformity  to  adopt  the 
sub-ordinal  names  Isosporineae  and  Heterosporineae  in  place  of 
the  more  common  Isosporeae  or  Isosporae  and  Heterosporeae, 
both  in  lycopods  and  ferns. 

The  ordinal  grouping  of  ferns  presents  a  somewhat  difficult 
problem.  The  second  and  third  groups  of  Pteropsida  are  named 
Gymnospermae  and  Angiospermae,  each  group  being  divided 
into  orders  with  names  ending  in  -ales.  The  first  or  fern  group 
of  pteropsidans  therefore  cannot  properly  be  called  Filicales. 
But  this  is  the  term  used  by  Gray's  Manual,  and  by  Jeffrey 
throughout  his  Anatomy  of  Woody  Plants.  Engler  recognizes 
in  the  fern  alhance  three  orders:  Filicales  leptosporangiatae, 
Marattiales,  and  Ophioglossales.  Coulter,  in  the  Chicago  text 
book,  recognizes  only  Ophioglossales  and  Filicales.  Now  the 
usage  of  the  Harvard  systematists  may  be  explained  on  the  basis 
of  a  group  consisting  of  but  one  order,  viz.  Filicales,  including 
all  the  families  from  Ophioglossaceae  to  Salviniaceae.  Even  in 
this  case  there  is  need  for  another  term  to  stand  co-ordinate 
with  Angiospermae  and  Gymnospermae.  This  term  might  be 
Filices.  For  the  sake  of  euphony,  however,  we  have  proposed 
the  name  Aspermae  for  this  group.  The  term  also  signifies  the 
real  distinguishing  character  on  which  the  divisions  of  Pteropsida 
are  based— in  this  case,  the  absence  of  seeds.  The  "alpha 
privative"  occurs  also  in  the  term  Atracheata,  and  in  many 
other  modern  scientific  terms ;  it  is  in  good  repute.  The  Asper- 
mae may  then  include  but  one  order,  Filicales,  if  desired,  in  which 
ease  Aspermae  is  practically  synonymous  with  Filicales.     Or, 
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Aspermae  may  be  divided  into  two,  thi-ee,  or  four  orders.  In 
^-iew  of  the  antiquitj-  of  the  Osmundaceae,  their  evolutionarj^ 
history,  and  the  manner  of  development  of  root  tip  and  sporan- 
gium, this  group  would  seem  to  have  as  good  a  right  to  ordinal 
rank  as  the  Ophioglossales  or  ]\Iarattiales.  We  would  favor 
therefore  dividing  Aspermae  into  four  orders,  or  leaving  it  as  a 
single  order  Filicales.  The  small  aberrant  group  of  hetersporous 
forms  may  not  be  natural  or  monophyletic ;  it  may  remain, 
however,  pending  a  conclusion. 

Among  Gymnosperms  a  similar  confusion  of  terms  has  arisen. 
If  it  be  accepted,  as  it  seems  to  be,  that  everj^  plant,  beside 
belonging  to  a  certain  species  and  genus,  must  be  assigned  to  a 
certain  family  and  order  we  will  have  a  basis  for  action.  For 
example,  the  single  living  species  of  ginkgo  tree  is  named  Ginkgo 
biloha,  of  the  family  Ginkgoaceae  and  order  Ginkgoales — a  mon- 
otypic  order.  What  becomes  of  the  old  Coniferae?  Naturally 
theA'  become  the  order  Coniferales.  If  this  order  is  believed 
to  contain  but  one  familj',  that  family  may  be  called  Coniferae, 
being  a  special  case,  in  company  with  Cruciferae,  Leguminosae 
and  Compositae.  If  there  are  two  or  more  families  in  the 
group,  they  would  be  the  Pinaceae  and  Taxaceae  of  Lindley, 
with  a  possible  Araucariaceae.  But  these  as  well  as  their 
further  subdivisions  have  been  variously  named  by  leading 
American  authorities.  Penhallow  names  Taxoideae  as  an  order 
of  the  class  Coniferales;  Coniferae  as  a  second  order,  with 
Cupressineae,  Abietineae,  Pinoideae,  etc.,  as  families.  Such 
terminology  is  impossible  for  the  taxonomist,  and  confusing  to 
the  general  student.  Coulter  and  Chamberlain  recognize  two 
families  in  the  order  Coniferales:  Pinaceae  and  Taxaceae.  The 
former  is  divided  into  tribes  Abietineae,  Taxodineae,  etc.  Jef- 
frey speaks  of  the  Coniferales  as  a  unit  group,  with  tribes  Abieti- 
neae, Cupressineae,  Araucariineae,  Taxineae,  etc.  He  further 
divides  Al)ietineae  into  Pineae  and  Abieteae.  Obviously  these 
eminent  authorities  have  followed  Eichler's  treatment  in  the 
Natiirlichen  Pflanzenfamilien  of  1889  instead  of  conforming  to 
the  International  Rules  of  Nomenclature.  It  is  therefore  \\-ith 
considerable  difficult}^  that  one  digs  out  from  their  works  the 
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taxonomic  significance  of  their  invaluable  contributions  to  our 
knowledge. 

In  summary  it  woukl  seem  that  we  have  the  systematic  group 
or  order  Coniferales,  containing  one  jamibj,  Coniferae,  according 
to  Eichler  and  Jeffrey;  or  two  families,  Pinaceae  and  Taxaceae, 
according  to  Coulter  and  Chamberlain,  and  Engler's  Syllabus; 
or  nine  families  according  to  Penhallow.  Certain  it  is  that  the 
Taxaceae  are  so  distinct  from  the  Pinaceae  in  many  ways  that 
the  difTerence  is  almost  universally  accepted  as  of  family  rank. 
It  will  be  most  helpful  so  to  consider  it.  It  would  seem  wise 
to  separate  also  the  kauris  and  their  kin  under  the  caption 
Araucariaceae.  This  group  is  almost  as  aberrant  as  the  yew 
family,  and  much  more  homogeneous.  It  has  been  distinct 
since  the  Jurassic  or  earlier,  and  has  evolved  along  its  own  lines 
independent  of  the  other  two  families  but  parallel  with  them. 

The  terminology  of  the  subdivisions  of  Pinaceae  should  be 
corrected  in  the  interest  of  the  general  student  and  in  harmony 
with  international  usage.  Thus  the  rich  library  of  fact  and 
thought  included  In  the  books  above  quoted,  may  the  sooner 
be  disseminated  into  the  most  widely  used  texts,  and  become 
the  conmion  possession  of  botanists  everywhere.  No  hindrance 
should  stand  in  the  way  of  this  desired  end. 

There  remains  a  question  as  to  whether  Jeffrey's  division  of 
Archigymnospermae  and  Metagymnospermae  is  the  most  help- 
ful that  could  be  devised  at  that  point.  From  the  standpoint 
of  seed  structure,  fertilization,  and  cryptogamic  wood  this  dis- 
tinction is  of  first  importance.  But  it  throws  a  strong  division 
between  the  Ginkgoales  and  Coniferales,  which,  on  the  "basis  of 
stem  anatomy,  are  very  near  of  kin.  It  may  ultimately  prove 
more  helpful  to  distinguish  between  the  Cycadean  phylum  with 
its  pithy  stems  and  broad  rays,  and  the  Cordaitean  phylum  with 
its  small  pith  and  primitively  uniseriate  rays. 

The  slight  modifications  suggested  above  in  the  terminology 
used  by  morphologists,  and  in  the  expression  of  family  relation- 
ship as  used  by  systematists  can  easily  be  slipped  into  the  existing 
texts  by  intelligent  readers  and  teachers.  To  the  beginner,  the 
new  classification  is  just  as  acceptable  as  the  old.     The  beginner 
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has  no  prejudices  or  preconceptions.  And  once  learned,  the  plan 
which  is  at  once  simplest  and  truest  must  prove  easiest  and  most 
helpful.  It  would  be  of  inestimable  value  to  have  all  the  rising 
generation  of  students  come  forward  free  from  the  trammels 
of  an  old  fashioned  sequence  and  terminologj\  The  student 
should  have  as  little  as  possible  to  unlearn.  All  who  have  reached 
middle  ago  realize  how  much  of  our  life  is  spent  in  unlearning. 
This  is  a  necessary  function,  l)ut  it  should  bo  exercised  as  little 
as  possible. 
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(To  be  continued) 

The  San  Gabriel  Mountains  are  a  well  defined  division  of  the 
southern  extension  of  the  Sierra  Ne\'ada  Range.  With  the  excep- 
tion of  the  extreme  eastern  portion,  they  lie  wholh^  within  the 
boundaries  of  Los  Angeles  Countj%  Californa,  and  stretch  their 
sixty  miles  of  length  as  a  barrier  between  the  Mojave  Desert  to 
their  north,  and  the  cooler  coastal  plain  to  their  south. 

These  mountains  are  composed  of  granitic  rock  and  are  ex- 
tremely rugged.  The  sharp  peaks,  narrow  ridges,  talus  slides 
and  deep  labyrinthine  canon  are  the  most  conspicuous  features 
of  the  San  Gabriel  IMouiitains.  Their  canon  are  evenly  graded 
and  in  most  cases  have  fair  sjzed  streams.  Occasionally  one 
finds  small  hillside  marshes,  but  the  lakes  and  large  cienegas, 
which  are  important  features  in  the  neighboring  San  Bernardino 
and  San  Jacinto  Mountains,  are  conspicuously  lacking.  There 
are  a  few  rich  moist  slopes,  but  due,  perhaps,  to  the  porous  char- 
acter of  the  soil,  the  majority  of  the  ridges  are  very  dry,  even  on 
their  north  slopes. 

The  sky  line  for  the  most  of  its  length  averages  about  7000  feet 
altitude,  but  at  the  eastern  end,  on  the  Los  Angeles-San  Ber- 
nardino county  line,  it  reaches  a  maximum  altitude  of  10,080  feet 
on  the  summit  of  Mt.  San  Antonio  (or  Old  Baldy).  This  eastern 
section,  a  very  natural  subdivision  of  the  San  Gabriel  Moun- 
tains, has  been  called  the  San  Antonio  Mountains.  They  can 
best  be  limited  as  that  portion  of  the  San  Gabriel  Mountains 
which  lies  east  of  the  bed  of  the  East  Fork  of  San  Gabriel  River. 
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The  area,'  thus  defined,  is  triangular  in  shape  and  contains  ap- 
proximately 150  square  miles.  Mt.  San  Antonio,  or  Baldy  as  we 
shall  call  it  hereafter,  is  of  especial  interest,  for  besides  being  the 
highest  peak  in  the  San  Gabriel  Mountains,  it  is  one  of  the  four 
peaks  in  Southern  California  which  ascends  above  the  10,000 
foot  contour.  Connected  to  Baldy  by  pine  clad  ridges,  which 
average  over  7500  feet  altitude,  are  a  number  of  lesser  peaks. 
These  are,— Pine  ^Mountain  (alt.  9660  feet),  Telegraph  Peak  (alt. 
9008  feet),  Cucamonga  Peak  (alt.  8911  feet),  Ontario  Peak  (alt. 
8752  feet)  and  Iron  or  Sheep  Mountain  (alt.  8028  feet). 

The  San  Antonio  Mountains  have  been  explored  by  all  the 
well  known  botanists  of  Southern  California.  The  first  to  visit 
the  mountains  was  Mr.  S.  B.  Parish,  who  ascended  them  in  1880. 
Prof.  A.  J.  McClatchie  was  the  next  visitor,  who  collected  on 
Baldy  in  August,  1893.  During  the  successive  springs  of  1899 
and  1900  Dr.  H.  M.  Hall  explored  and  made  collections  on  the 
northern  base  of  the  mountains.  In  July  of  1901  and  1902  Dr. 
LeRoy  Abrams  visited  Baldy  Summit  and  in  the  summer  of  1908, 
accompanied  by  Mr.  E.  A.  McGregor,  he  collected  in  Swartout 
Valley  and  Lone  Pine  Caiion.  Several  other  persons  have  made 
collections  in  the  San  Antonio  Mountains,  among  whom  are, — 
Mr.  J.  B.  Leiberg,  Mrs.  Charlotte  M.  Wilder  and  Mr.  Fred  Bur- 
lew.  It  is  interesting  to  note,  that  with  the  exception  of  Professor 
McClatchie  and  Mrs.  Wilder,  all  the  collectors  worked  on  the 
north  side  of  the  mountain.  The  most  of  the  collecting  seems  to 
have  been  done  along  the  so-called,  "Glen  Ranch  Trail  to  Baldy." 
Although  the  mountains  have  had  a  number  of  visitors  they  have 
had  by  no  means  a  thorough  botanical  exploration.  The  visitors 
have  made  but  hurried  dashes  into  the  more  accessible  parts, 
covering  the  same  ground  as  their  predecessors,  and  spending  in 
the  puie  belt  only  a  day  or  two.  Realizing  that  much  of  the 
mountain  was  either  untouched  or  very  imperfectly  known  we 
planned  and  made  a  series  of  ten  collecting  trijjs  into  the  pine 
belt.     These  trips,  which  were  made  during  the  spring  and  sum- 

'  The  San  Antonio  Mountains  have  been  mapped  by  the  government  and  are 
to  be  found  on  the  San  Antonio  and  Cucamonga  topographical  quadrangles  of 

the  U.  S.  G.  S. 
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mer  of  1917  and  1918,  total  twenty-nine  day.s;  on  them  we  vis- 
ited all  the  canons  and  peaks  with  the  exception  only  of  Swartout 
Valley  and  Lone  Pine  Canon.  These  two  canons  were  not  visited 
because  of  lack  of  time.  However,  thanks  to  the  efforts  of  Dr. 
Hall  and  Dr.  .\brams,  they  are  the  best  known  parts  of  the  San 
Antonio  ^Mountains. 

The  only  literature  dealing  in  any  way  with  the  San  Antonio 
Mountains  is  Dr.  Abrams'  Flora  of  Los  Angeles  and  Vicinity, - 
which  has  a  range  so  defined  as  to  include  the  coastal  slopes. 


Fig.  1.  Mount  San  Autuniu  as  seen  from  tlic  summit  of  Ontario  Toak 

While  fairly  satisfactory  in  the  Upper  Sonoran  Zone,  it  was  found 
to  be  of  little  or  no  value  in  the  pine  belt,  a  fact  not  suri)rising  if 
one  remembers  that  our  knowledge  of  the  south  slope  has  been 
obtained  bj'  two  hurried  collectors. 

The  San  Gabriel  Mountains  are  one  of  the  least  known  of  the 
Southern  California  group,  a  fact  which  is  very  apparent  if  they 

'  Abrams,  LeRoy.     Flora  of  Los  .\ngeles  and  Vicinity.     Stanford  University, 
Calif.    April,  19.17.    Pp.  1-402. 
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are  compared  with  the  San  Jacinto'  or  San  Bernardino^  Moun- 
tains. The  writer  hopes  that  the  following  paper,  while  only- 
dealing  with  a  limited  portion  of  the  San  Gabriel  Mountains,  will 
be  a  contribution  towards  the  desired  knowledge  of  their  flora. 

Three  life  zones  are  distinguishable  in  the  San  Antonio  Moun- 
tains: the  Upper  Sonoran,  Transition  and  Canadian.  The  Upper 
Sonoran  Zone  includes  the  bases  of  the  mountains,  never  ascend- 
ing higher  than  6000  feet  altitude.  This  zone  is  recognized  at 
once  by  the  presence  of  dense  thickets  of  shrubs,  called  chaparral, 
which  co\'er  the  mountain  side.  The  chaparral  belt  does  not 
ha\'e  its  twenty-five  or  more  component  shrubs  in  an  unwarying 
mixture,  for  not  only  are  some  species  restricted  geographicallj', 
but  on  the  coastal  slope,  in  response  to  differences  in  moisture 
and  temperature,  two  distinguishable  life  belts  have  been  formed 
within  the  chaparral  belt.  These  are  hereafter  designated  as  the 
"Upper"  and  "Lower  Chaparral  Belt."  The  Lower  Chaparral 
Belt  is  characterized  by  the  dominance  of  such  shrubs  as,  Adeno- 
stoma  fasciculatum,  Quercus  dumosa  and  Ccanothus  crassifolius. 
On  south  facing  slopes  these  plants  grow  abundantly  below  4500 
feet  altitude,  on  north  slopes  they  seldom  reach  an  altitude  of 
3000  feet.  The  Upper  Chaparral  Belt,  on  the  other  hand,  is 
found  usually  above  the  4500  feet  contour  on  south  slopes,  and 
never  lower  than  3000  feet  on  north  facing  slopes.  Arctosiaphy- 
los  tomentosa,  Quercus  Wislizeni  and  Ceanothus  divaricntus  are  the 
dominant  shrubs  in  the  Upper  Chaparral  Belt. 

Since  we  have  not  visited  the  desert  base  of  the  mountains  we 
are  unable  to  discuss  its  Upper  Sonoran  flora.  Because  of  this 
fact  and  because  the  composition  of  the  chaparral  is  well  known 
and  similar  to  that  found  in  adjacent  territory  we  have  not 
included  the  chaparral  flora  in  the  catalogue  which  forms  the 
bulk  of  this  paper. 

^  Hall,  H.  M.  .\  Botanical  Survey  of  the  San  Jacinto  Mountains.  Univ.  Cal. 
Pub.  Bot.  1:  1-140,  1902. 

'  Parish,  S.  B.  .\n  Enumeration  of  the  Pteridophytes  and  Sperraatophytes  of 
the  .San  Bernardino  Mountains,  California.  Plant  World  20:  103-178;  208-223 
and  245-259,  1917. 
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The  Transition  ZoiuMisuiilly  found  Ix'twoen  5500  and  8000  feet 
altitude,  is  for  all  practical  purposes  coincident  with  the  occur- 
rence of  Pimis  ponderosa  and  its  variety  Jeffreyi.  The  Transi- 
tion, like  the  Upper  Sonoran  Zone,  has  been  conveniently  divided 
into  two  parts.  The  upper,  which  usually  lies  above  6750  feet 
altitude,  has  been  designated  as  the  Upper  Transition  Zone  and 
is  characterized  by  the  dominance  of  Abies  concolor  and  Pinus 
Lambertiana.  To  the  lower  part,  where  typical  Pinus  ponderosa 
is  most  abundant,  the  name  Lower  Transition  Zone  has  been 


Fig. 
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applied.     The  following  list  of  perennials  appear  to  be  restricted 
to  the  designated  divisions  of  the  Transition  Zone. 

Plants  restriclcd  to  Ihe  Lower  TraHsition  Plants  restricted  to  the  Upper  l^ransition 

Zone  Zone 

Silanion  minus  califorrcium  Sisyrinchium  oreophilum 
Eriogonum  umbellatum  Carex  aurea  celsa 

Lupinus  Grayi  '  Salix  cordaia  Walsoni 

Arclostaphylos  Parryana  Eriogonum  Wrighlii  subscaposu7n 

Chcenaclis  santolinoides  Arabis  repanda 

Brickellia  microphylla  Adenostegia  Nevinii 

Sambucus  glauca  vehilina 


VORLD,    VOL.  22,    NO.  3 


76 


I.    M.    JOHNSTON 


A  large  number  of  plants  which  are  confined  to  the  Transition 
Zone  seem  to  range  throughout  the  zone  irrespective  of  subzones. 
Among  these  are, — 

Plants  ranging  throughout  the  Transition  Zone 

Pelloea  Wrightiana  californica  Ribes  nevadensis 

Phoradendron  paucifolium 

Eriogonum  nudum 

Eriogonum  molest um  Davidsonii 

Dudley  a  puniila 

Silene  verecunda  platyota 


Prunus  demissa 
Ceanothus  cordulatus 
Pyrnla  pallida 
Gilia  latiflora  exilis 
Helenium  Bigelovii 


The  great  majoritj'  of  plants  usually  extends  up  into  the  Cana- 
dian Zone  or  down  into  the  Upper  Sonoran  Zone.  The  more 
conspicuous  examples  of  these  are  given  in  the  following  lists. 

Plants  common  to  the  Transition  and  Upper  So7ioran  Zones 

Pteris  aquilina  lanvginosa  Qucrcus  chrysolepis 

Cheilanthes  Fendleri  Eriogonum  fasciculatiim  polifolium 

Cysloptcris  fragilis  Aijuilrgia  truncata 

Pseudotniga  macrocarpa  Clematis  ligustirifolia 

Bromus  grandis  Viola  purpurea  pinetorum 

Carex  alma  Brickellia  californica 

Populus  trichocarpa  Solidago  californica 

Plants  common  to  the  Transition  and  Canadian  Zones 


Silanion  minus 
Carex  brevipes 
Allium  Breweri 
Allium  Burlewii 
Salix  flavescens 
Caslanopsis  sempervirens 
Eriogonum  saxatile 
Silene  Parishii 
Arahis  platijsperma 


Ribes  cereum 
Seriocotheca  concolor 
Drudeophylum  vestilum 
Arctostaphylos  patula 
Gilia  pungcns  tenuiloba 
Monardella  cinercn 
Boschniakia  slrobilarea 
Ilieracium  horridum 
Symphoricarpus  Parishii 


The  composition  of  the  Transition  flora  is  somewhat  different 
on  the  two  sides  of  the  mountain.  The  most  conspicuous  differ- 
ence is  the  absolute  lack  of  Ceanothus  cordidatus,  Artemisia  tri- 
dentata  and  Tetradymia  canescens  on  the  south  or  coastal  side. 
On  the  desert  side  these  three  are  the  most  common  shrubs. 
There  are  a  number  of  plants  which,  while  present  on  the  south 
side,  are  very  much  less  frequent  there  than  they  are  on  the 
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north  side.  This  hst  includes, — Prunus  demissa,  Fremontia  cali- 
fornica,  Gayophytum  caesium,  Castilleja  mmiala,  and  Chrysotha- 
mus  nauseosus.  The  south  side  of  the  mountain  is  strikingly 
lacking  in  plants  which  are  peculiar  to  it. 

The  Canadian  Zone,  in  the  San  Antonio  Mountains,  is  charac- 
terized by  Pinus  Murrayana  and  Draba  corrugata.  It  includes 
most  of  the  mountain  above  8000  feet  altitude,  embracing  an 
area  of  about  ten  square  miles.  The  largest  part  of  the  zone 
consists  of  bare  exposed  ridges,  but  there  are,  in  a  few  scattered 
spots,  small  protected  areas  which  bear  a  Canadian  Zone  flora. 
No  water  is  found  within  the  Canadian  Zone  and  hence  the  flora 
is  somewhat  limited. 

Plants  restricted  to  the  Canadian  Zone 

Pinus  Murrayana  Ribes  monligenum 

Carex  abriipla  Heuchera  Abramsii 

Cabjptridiian  Parryi  Galium  muUiflorum  parvifolium 

Arenaria  NuUallii  gracilis  Erigeron  jacinteus 

Draba  corrugata  Crepis  nana 

Since  the  flora  of  the  summit  of  Mt.  San  Antonio  may  be  of 
interest  the  following  list  is  given,  which  includes  those  plants 
growing  between  10,000  and  10,080  ft.  altitude,  or  those  grow- 
ing within  about  fifty  yards  of  the  summit  cairn. 

Summit  flora  of  Mt.  San  Antonio  (10,000-10,080  ft.) 

Pinus  Murrayana  Draba  corrugata 

Sitanion  minus  Heuchera  Abramsii 

Carex  abrupla  Ribes  monligenum 

Carex  brevipes  Ribes  cereum 

Allium  Breweri  Sericotheca  concolor 

Castanopsis  sempervirens  Viola  purpurea  pinetorum 

Eriogonum  umbellatum  minus  Drudcophytum  vestitum 

Eriogonum  saxalile  Gilia  pungens  tenuiloba 

Arabis  platysperma  Collinsia  Torreyi  Wrighlii 

Galium  muUiflorum  ptirvifolium 

CATALOGUE  OF  THE  VASCULAR  FLORA  OF  THE  PINE  BELT 

The  following  catalogue  is  founded  mainly  on  collections  made 
by  the  author.  A  number  of  species  have  been  collected  in  the 
San  Antonio  Mountains  by  others  which  the  writer  failed  to  dis- 
cover.    In  such  cases,  if  the  specimen  was  seen,  the  record  was 
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incorporated  into  the  catalogue  along  with  the  name  of  the  col- 
lector and  the  number  of  the  collection.  If  the  specimens  form- 
ing the  basis  of  record  were  not  available  for  studj-  then  the  pub- 
Ushed  record  was  copied  verbatim  and  its  location  given.  Our 
list,  thus  formed,  now  includes  315  species  and  varieties  of  native 
plants.  Introduced  plants,  which  number  about  20,  have  not 
been  included  in  the  catalogue. 

Many  notes  on  distribution,  abundance  and  habitats  were 
made  during  our  exploration  of  the  mountains.  These  notes, 
supplemented  by  less  extensive  ones  made  previous  to  1917,  form 
the  basis  for  the  discussion  under  each  species  treated.  The  dis- 
cussions of  systematic  relationships  are  the  outcome  of  a  careful 
study  of  herbarium  material  and  of  much  time  spent  over  the 
taxonomic  literature.  It  is  perhaps  unnecessary  to  state  that  all 
statements  concerning  distribution,  etc.  are  founded  on,  and  con- 
cern onh^,  the  species  as  it  occurs  in  the  San  Antonio  Mountains. 
In  a  majority  of  cases  the  habitat,  zonal  distribution  and  abun- 
dance is  the  same  as  it  is  in  the  San  Bernardino  or  San  .Jacinto 
Mountains  but  this,  however,  is  not  always  the  case. 

For  invaluable  help  in  the  preparation  of  this  paper  the  author 
is  imder  especial  obligations  to  Mr.  S.  B.  Parish  of  San  Bernar- 
dino. His  help  in  taxonomic  difficulties,  his  suggestions  and 
kindly  criticisms  all  warrant  the  writer's  sincere  gratitude.  To 
Dr.  H.  M.  Hall  of  the  University  of  California  we  are  also  much 
indebted  for  his  courtesy  and  interest,  and  especially  for  the  privi- 
leges granted  us  while  working  in  the  herbarium  under  his  charge. 
We  wish  to  acknowledge  of  the  help  of  several  other  taxonomists, 
among  whom  are  Mrs.  Agnes  Chase,  Dr.  J.  'M.  Greenman,  Dr. 
W.  L.  Jepson,  Prof.  M.  E.  Jones,  INIr.  J.  F.  Macbride,  Mr.  K.  K. 
Mackenzie,  Mr.  W.  R.  Maxon,  Dr.  B.  L.  Robinson,  Dr.  J.  N. 
Rose,  Dr.  P.  A.  Rydberg,  Mr.  Camillo  Schneider  and  ^Ir.  G.  P. 
Van  Eseltine. 

OPHIOGLOSSACE.E 

Bolrychium  lunaria  (L.)  Swz.  Not  uncommon  in  springy  ground  near  7000  ft. 
alt.  in  Coldwater  Fork  Lytle  Creek.  Here  in  the  Upper  Transition  Zone  it 
grows  with  Limnorchis,  Sisyrinchiuvi,  TrifoUum,  J  uncus  Mcrtcnsianus,  Carei 
aurea  celsa  and  C.  subfusca.  The  plant  does  not  grow  in  the  mucky  part  of 
the  marsh  but  seems  to  grow  in  the  better  drained  portions  near  its  head. 
Dot.  W.  R.  Maxon.     (No.  135S,  1757,  2080.) 
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POLYl'ODIACE.B 

Pteris  aquilcgia  L.  var.  lanuginosa  Hook.  Common  in  springy  ground  in  both  the 
Upper  Sonoran  and  Transition  Zones.     (No.  1617.) 

Cheilanthes  Feiidleri  Hook.  In  rock  crevices  throughout  the  Tran.sition  Zone 
reaching  an  altitude  of  SoOO  ft.  on  Ontario  Peak.  The  plant  is  much  more 
common  in  the  ri)pcr  Chaparral  Belt.     (Xos.  15'.)4,  1729.) 

PeUwa  Wrightiana  Hook  var.  califoniica  Lemmon.  Frequent  in  dry  rocky  ground 
in  the  Transition  Zone.     (No.  1593.) 

Aspidium  rigidum  Swartz.  var.  argutum  (Kaulf.)  Eaton.  Very  common  on  cool 
shaded  caiion  sides  in  the  Lower  Chaparral  Belt.  Less  common  in  the  Upper 
Chaparral  Belt,  from  which  it  occasionally  extends  into  the  Lower  Transition 
Zone.    Seen  as  high  as  G500  ft.  alt. 

Polystichum  miniilitm  (.Kaulf.  )  Underw.  Moist  cool  shaded  canons  in  the  Upper 
Chaparral  Belt  and  occasionally  in  the  Lower  Transition  Zone.  Reaching 
7000  ft.  alt. 

Cystopteris  fragilis  Bernh.  Very  moist  situations,  as  rock  crevices  by  water- 
falls or  wet  ground  on  stream  banks.  Seen  at  8250  ft.  alt.  on  the  upper 
edge  of  Transition  Zone.  Common  in  the  Upper  Chaparral  Belt.  (No. 
1619.) 

EOOI.SETACE-E 

Equiselum  Funstoni  A.  A.  Eatoa.  Occaaional  along  streams  in  the  Transition 
Zone.  Reaching  7000  ft.  alt.     (No.  1723.) 

SEL.\GINELLACE.« 

Selaginella  Fiigelovii  LTnderw.  A  v,ery  common  Upper  Sonoran  species  which 
ascends  to  the  lower  levels  of  the  Transition  Zone.  Collected  at  6000  ft.  alt. 
on  the  west  end  of  Ontario  Peak.     (No.  1827.) 

Selaginella  sp.  A  selaginella,  apparently  an  undescribed  species,  is  frequent 
among  rocks  throughout  the  Transition  Zone.  Especially  abundant  on  On- 
tario Peak,  the  west  end  in  particular,  where  it  not  infrequently  carpets  the 
ground.  Usually  growing  with  Dudleya  pumila.  Ranging  from  4300  to  8500 
ft.  alt.     (Nos.  1595,  1807,  1815.) 


Pinus  Lamhcrliana  Dougl.  Very  common  in  the  fir  forests  of  the  Upper  Transi- 
tion Zone.     Not  seen  lower  than  .5,500  ft.  alt. 

Pinus  monophijlla  Torr.  &  Frem.  A  large  colony  at  6500  ft.  alt.  in  the  lower  jfert 
of  the  Transition  Zone  in  the  upper  part  of  North  Fork  Lytle  Creek.  Com- 
mon at  lower  altitudes  on  the  desert  base  of  the  mountains.     (No.  1722.) 

Pinus  Murrayana  Balfour.  The  common  and  characteristic  pine  of  the  Canadian 
Zone.  Seen  as  low  as  8000  ft.,  but  usually  appearing  at  about  8500  ft.  alt. 
The  only  tree  on  Baldy  Summit.     (No.  1625.) 

Pinus  ponderosa  Dougl.  The  characteristic  pine  of  the  Transition  Zone;  most 
common  in  its  typical  form  below  6000  ft.  alt. 


80  I.   M.   JOHNSTON 

Pinus  ponderosa  Dougl.  var.  Jeffreyi  (Murray)  Vasey.  Common  in  the  Upper 
Transition  Zone. 

It  has  often  been  pointed  out  that  this  variety  and  the  species  are  at  times 
difficult  to  separate,  a  condition  found  to  be  very  true  in  the  San  Antonio 
Mountains.  We  always  found  trees  at  about  the  middle  of  the  Transition 
Zone  which  defied  all  attempts  at  placing;  them,  despite  the  fact  that  we  used 
all  the  characters  of  bark,  cones,  foliage  and  seeds.  The  characters  given  to 
the  variety  and  those  given  to  the  species  were  found  to  be  manifested  in  a 
bewildering  series  of  combinations  which  made  the  definite  placing  of  these 
trees  an  absolute  impossibility.  While  we  admit  that  the  yellow  pine  found 
on  the  ridges  in  the  Upper  Transition  Zone  is  a  fair  variety  of  the  yellow  pine 
which  grows  in  the  canons  in  the  Lower  Transition,  we  are  inclined  to  think, 
that  in  the  light  of  the  complete  gradation  of  the  one  into  the  other,  that 
perhaps  the  rank  of  "form"  would  better  indicate  the  true  relationship  of 
the  Upper  Transition  plant  to  typical  P.  ponderosa,  at  least  in  Southern 
California. 

Psetidotsuga  macrocarpn  (Torr.)  Mayr.  Frequent  in  the  Upper  Chaparral  Belt 
and  Lower  Transition  Zone.  It  grows  as  low  as  the  mouth  of  San  Antonio 
Canon,  alt.  2000  ft.  and  as  high  as  7000  ft.  alt.  in  Icehouse  Canon. 

Abies  concoloT  Lindl.  &  Gord.  Common  in  the  Upper  Transition  Zone,  where  it 
is  the  dominant  tree. 

CCPRESSACE^ 

Libocedrus  decurrens  Torr.  General  throughout  the  Transition  Zone  but  not  very 
common.  In  the  lower  part  of  the  zone  it  is  found  wholly  in  moist  caiions 
or  on  streams  banks,  but  in  the  upper  part  it  is  often  found  growing  on  talus 
elopes  or  rocky  mountain  sides  with  fir  and  jiine.  Occasional  tiees  are  found 
in  moist  situations  in  the  chaparral  belt  descending  as  low  as  2700  ft.  alt. 
(No.  1624.) 

Junipcrus  occidenlalis  Hook.  One  of  the  less  common  trees.  In  our  mountains 
the  tree  grows  only  in  the  Upper  Transition  Zone.  The  scattered  colonies 
have  been  found  between  8000  ft.  (Old  Gold  Ridge  Mine)  and  9660  ft.  alt. 
(Pine  Mt.  Summit).     (Nos.  1400,  1623.) 

GNET.\CE.B 

Ephedra  viridis  Coville.  A  large  colony  on  a  dry,  sunny  hillside,  alt.  5000  ft.,  in 
Prairie  Fork  San  Gabriel  River.  This  station  is  on  the  lower  edge  of  the 
Transition  Zone.     Frequent  on  the  desert  base  of  the  mountains.     (No.  1721.) 

GRAMINE.B 

Slipa  occidenlalis  Thurb.  Not  uncommon  in  bare  rocky  slopes  in  the  Upper 
Transition  and  Canadian  Zones.     (Nos.  1504,  1537.) 

Stipa  Parisini  Vasey.  Throughout  the  Transition  Zone,  chiefly  on  gravelly 
canon  floors.  Apparently  most  abundant  on  the  north  side  of  the  moun- 
tains.    (No.  1515.) 
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Muklenbergia  catifornica  Vasey .  Moist  ground  on  a  sunny  canonside, Upper  Tran- 
sition Zone,  in  Coldwater  Fork  Lytle  Creek,  alt.  7000  ft.  Common  in  the 
chaparral  belt,  especially  in  rock  crevices  wet  by  seepage.     (No.  1029.) 

Muhlenbcrgia  squarrosa  (Trin.)  llydb.  Wet  ground  in  the  Upper  Transition  Zone. 
Icehouse  Canon,  alt.  6500  ft.  Upper  San  Antonio  Canon,  alt.  7350  ft.  Cold- 
water  Fork  Lytle  Creek,  alt.  7000  ft.     (Nos.  1506,  1628.) 

Epicampes  rigens  Benth.  On  the  lower  edge  of  the  Transition  Zone  in  Prairie 
Fork,  alt.  4750  ft. 

Agrostis  exarala  Trin.  Occa.sional  along  streams  in  the  chaparral  belt  from  which 
it  ascends  into  the  lower  part  of  the  Transition  Zone.  5500  ft.  alt.  in  Upper 
San  Antonio  Canon.     (No.  1509.) 

Agrosiis  Rossac  Vasey.  Springy  ground  in  the  Upper  Transition  Zone.  Old 
Gold  Ridge  Mine  at  8000  ft.  and  at  7000  ft.  alt.  in  a  small  side-canon  of  Prairie 
Fork.     (Nos.  1510,  1634.) 

Agrostis  idahoensis  Nash.  Abundant  around  the  waterhole  at  Kellys  Cabin  on 
the  upper  edge  of  the  Transition  Zone.     (No.  1522.) 

Koeleria  cristata  (L.)  Pers.  Occasional  in  the  Transition  Zone;  much  commoner 
at  lower  levels.     (Nos.  1453,  1520,  1521.) 

Melica  stricta  Bolander.  Common  in  rocky  ground  in  the  Upper  Transition  Zone 
on  the  north  side  of  the  mountains.  Not  detected  on  the  south  side.  (Nos. 
1501,  1516,  2065.) 

Poa  scabrella  (Thurb.)  Benth.  Common  in  dry  ground  in  the  chaparral  belt  and 
in  the  Transition  Zone.     (No.  1355.) 

Bromus  OrruUianus  Vasey  var.  Hallii  Hitchc.  Lower  Transition  Zone  in  Prairie 
Fork  San  Gabriel  River,  6000-7000  ft.  alt.  and  at  6000  ft.  in  the  South  Fork 
Lytle  Creek.     (Nos.  1454,  2070.) 

Bromus  carinaius  H.  &  A.  Not  uncommon  in  dry  ground  in  the  Lower  Transition 
Zone. 

Bromus  grandis  (Shear)  Hitchc.  Frequent  in  dry  ground  throughout  the  chapar- 
ral belt  and  the  Transition  Zone.     (No.  1407.) 

Agropyron  tenerum  Vasey.  Common  in  moist  ground  in  the  Upper  Transition 
Zone.     (Nos.  1512,  1630  part,  2069.) 

Agropyron  caninum  (L.)  Beauv.  Common  on  Browns  Flats  and  also  at  several 
stations  in  Upper  San  Antonio  Canon.     Lower  Transition  Zone.     (No.  1518.) 

Elymus  gtaucus  Buckl.  Common  in  dry  ground  in  the  Chaparral  Belt  and  in  the 
Transition  Zone.     (Nos.  1296,  1498,  1517,  1630.) 

Silanion  minus  3.  G.  Smith  (S.  rigidum  J.  G.  Smith).  Common  in  dry  rocky 
ground  in  the  higher  parts  of  the  Transition  and  throughout  the  Canadian 
Zone. 

We  are  following  Hitchcock  (Jeps.  Fl.  Cal.  188.)  in  merging  S.  rigidum  into 
S.  minus.  We  consider  both  species  to  be  nothing  more  than  reduced 
ecological  forms  due  to  subalpine  and  desert  conditions.  (Nos.  1497,  1499, 
1523,  1635,  1638.) 

Silanion  minus  J.  G.  Smith  var.  californicum  (3.  G.  Smith)  Johnston  comb.  nov. 
(S.  californicum  3.  G.  Smith,  S.  glabrum  3.  G.  Smith.)  Frequent  under  the 
pines  in  the  Lower  Transition  Zone.  Occasional  in  the  Upper  Chaparral 
Belt. 
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Careful  observation  of  this  plant  in  the  field  has  convinced  us  that  it  has 
no  right  to  the  rank  of  species.  Numerous  times  we  have  observed  it  grade 
into  .S.  minus  as  we  ascended  the  mountains.  The  greater  size,  the  only 
character  which  separates  this  plant  from  S.  minus,  is  undoubtedly  due  to  its 
more  favorable  habitat,  and  hence  is  a  very  poor  character  for  a  species. 

We  do  not  believe  that  S.  californicum  and  S.  glabrum  can  be  maintained 
distinct.  In  the  field  it  was  found  that  they  were  connected  by  a  good  series 
of  intermediate  forms.  Smith  (U.  S.  Dept.  Agr.  Div.  Agrost.  Bull.  18:9), 
followed  by  Abrams  (Fl.  Los  Ang.  57.  1917),  separates  S.  glabrum  from  S. 
californicum  by  its  glabrous  culms,  leaves  and  sheaths.  We  found  so  much 
variation  in  pubescence  that  we  are  unwilling  to  use  the  character  or  amount 
of  pubescence  as  a  specific  or  even  varietal  character.  Hitchcock  (Jeps.  Fl. 
Cal.  187)  separates  the  two  plants  by  assigning  to  S.  californicum  entire 
glumes  and  to  .S.  glabrum  bifid  or  occasional  bifid  glumes.  This  means  of  sep- 
arating the  two  plants  is  even  less  satisfactory  than  the  presence  or  lack  of 
pubescence.  As  would  be  expected,  there  is  no  sharp  line  between  plants 
having  "glumes  entire"  and  those  having  "glumes,  or  some  of  them,  bifid," 
As  an  extreme  ease  we  can  mention  a  plant  collected  at  the  mouth  of  North 
Fork  San  Antonio  Canon  which  after  a  careful  dissection  proved  to  represent 
both  species!  Of  the  six  heads  on  the  plant  two  of  them  had  all  the  glumes 
entire  while  the  rest  had  the  "glumes,  or  some  of  them,  bifid"!  (Xos.  1304, 
1500.) 

CYPERACE;® 

Scirpus  microcarpus  Presl.  Frequent  in  marshy  ground  in  the  chaparral  belt; 
rare  in  the  pine  belt,  where  it  is  confined  to  the  lower  most  portions. 

Eleocharin  monlana  R.&  S.  Moist  ground  at  Native  Son  Mine,  alt.  5000  ft.  Lower 
Transition  Zone.     (No.  1631.) 

Carex  {Prijnocarex)  multicauliis  Bailey.  Occasional  under  the  pines  but  much 
more  abundant  on  moist  shaded  canon  sides  in  the  Upper  Chaparral  Belt. 
(No.  1426.) 

Carex  (Eucarex)  aurca  Nutt.  var.  celsa  Bailey.  (C.  Hassei  Bailey.)  Abundant  in 
springy  ground  throughout  the  Upper  Transition  Zone.  Always  growing 
with  Sisi/rinchium.     6000X2.^)0  ft.  alt.     (Nos.  1311.  1413.) 

Carex  (Eucarex)  brcripci  W.  Hoott .  Found  in  varying  quantities  from  the  upper- 
most portions  of  the  Transition  Zone  to  Baldy  Summit.  Usually  growing  in 
large  patches  on  dry  ground  under  the  pines  but  on  Baldy  Summit  it  grows 
in  the  shelter  of  rocks.  Most  abundant  in  the  region  centering  about  Kellys 
Cabin.     Determined  by  Mr.  K.  K.  Mackenzie.     (.No.  1496.) 

Carex  (Vignea)  agrostoides Mackctviie.  Conunon  in  springy  ground  in  the  upper 
parts  of  Icehouse  Cation.  A  few  plants  were  collected  at  7000  ft.  alt  in  Cold- 
water  Fork  Lytic  Creek.  Both  stations  are  in  the  Upper  Transition  Zone. 
Det.  K.  K.  Mackenzie.     (Nos.  1505,  2005.) 

Carex  (Vignea)  subfusca  W.  Boott.  Coldwater  Fork  Lytic  Creek,  alt.  7000  ft.; 
side-cafion  of  Prairie  Fork,  alt.  7000  ft.;  Kellys  Cabin,  alt.  8250  ft.  Locally 
abundant  at  all  three  stations  all  of  which  are  in  the  Upper  Transition  Zone. 
(Nos.  1393,  1503.) 
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Carcx  (Vigiiea)  alma  Bailey.  Frequent  in  moist  ground  in  the  Upper  Sonoran 
and  Transition  Zones."  (Xos.  1411,  1508,  2061.) 

Carcx  {Vignea)  abrupta  Mackenzie.  Common  on  Baldy  Summit;  very  abundant 
on  Pine  Mountain.  On  the  latter  peak  it  grows  so  thick  that  some  patclies 
resemble  a  field  of  grain.  The  plant  grows  in  dry  rocky  ground  and  seems  to 
be  confined  to  the  higher  parts  of  the  Canadian  Zone.     (Nos.  1399,  1636.) 

JUNCACE.B 

Luzula  comosa  E.  Mey.     Moist  ground  at  Native  Son  Mine,  alt.  5000  ft.,  Lower 

Transition  Zone.     (Xo.  1632.) 
Juncus  balticus  Willd.     Common  in  a  small  pasture  at  the  Native  Son  Mine. 
Juncus  Merlensianus  Bong.     Abundant  in  marshy  ground  in  a  side  canon  of  Prairie 

Fork,  alt.  7000  ft.;  rare  about  the  waterholc  at  Kellj-s  Cabin,  alt.  8350   ft. 

and  not  uncommon  in  the  marshes  in  Coldwatcr  Fork  Lytic  Creek,  alt.  7000 

ft.     All  stations  arc  in  the  Upper  Transition  Zone.     (Nos.  1390,  1502.) 
Juncus  Xiphioides  E.  Mey.     Growing  along  the  creek  near  the  Native  Son  Mine, 

alt.  5000  ft.     (No.  1684.) 

LILIACE* 

Allium  Burlewii  Davidson.  Found  only  in  exposed  well  packed  granitic  soil. 
Seen  at  Baldy  Lookout,  alt.  6000  ft.,  at  the  lower  edge  of  the  Transition 
Zone  and  as  high  as  9500  feet  alt.  in  the  Canadian  Zone  on  Little  Baldy. 
Always  found  in  large  colonies. 

Differs  from  A.  Iribractealum  in  its  long  pedicels  and  hence  much  looser 
heads,  and  in  its  more  exerted  stamens.  The  plants  average  larger  and 
the  flowers  much  lighter  in  color  (petals  white  with  definite  pink  midrib). 
In  A.  Burlewii  the  leaves  are  single,  exceeding  the  stem  only  by  a  centi- 
meter or  so. 

There  is  a  peculiar  form  collected  by  Hall  (No.  1497)  at  6700  feet  alt.  in 
Swartout  Valley  which  seems  worthy  of  some  nomenclatorial  recognition. 
The  perianth  segments  are  long  attenuate,  8-11  mm.  long,  on  very  slender 
pedicels  2  to  3  times  as  long.  The  broad,  6.5  n  m.  wide,  green,  leaf  reaches 
19  cm.  in  length  which  equals  three  times  the  length  of  the  stem.  (Nos. 
1268,  2484,  1490.) 
Allium  Breweri  Wats.  In  habitat  this  species  is  quite  distinct  from  the  last. 
That  species  demands  well  packed  granitic  soil  while  A.  Breweri  demands  that 
it  be  very  loose.  A  rock  slide  is  its  favorite  situation.  The  plant  is  common 
in  suitable  situations  from  the  Lower  Transition  Zone,  at  Baldy  Lookout,  up 
to  the  summit  of  Baldy  in  the  Canadian  Zone. 

This  station  for  ,4.  Breweri  is  far  south  of  the  nearest  known  station.  It  i.s 
not  surprising,  therefore,  that  the  plant  is  somewhat  different  from  the  typi- 
cal northern  plant.  Our  plants  have  much  broader  bracts  than  do  specimens 
of  the  type  collection  (Brewer  1060  from  Mt.  Diablo).  The  leaves  are  terete 
and  only  5  mm.  at  most  in  diameter  and  not  flat  and  10-13  mm.  broad  as  in 
the  typical  form.  Det.  M.  E.  Jones.  (Nos.  1263,  1446,  1543,  2031.) 
Muilla  serolina  Greene.  Occasional  in  dry  ground  in  the  lower  part  of  the  pine 
belt.     Frequent  at  lower  levels. 
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Bloomeria  aurea  Kell.     Same  range  as  the  last. 

Brodiaea  capitata  Benth.  Ranging  up  into  the  lower  part  of  the  pine  belt,  fre- 
quent at  lower  levels. 

Smilacina  sessilifolia  Nutt.  Common  in  springy  grounil  noar  the  head  of  Cold- 
water  Fork  of  Lytle  Creek,  alt.  7000  ft.     Tpper  Tran.sition  Zone.     (\o.  1448.) 

Yucca  Whipplci  Torr.  This  common  valley  specie.s  ranges  well  into  the  Transi- 
tion Zone.  One  plant  was  noted  at  8200  ft.  alt.  on  the  steep  south  slope  of 
Ontario  'Peak. 

Lilium  Parryi  Wats.  Very  common  at  7000  ft.  alt.,  Upper  Transition  Zone,  in  a 
small  side  caiion  of  Prairie  Fork.     (No.  1703.) 

Ldlhim  Humboldlii  Roezl.  &  Leicht.  A  few  plants  along  streams  in  the  lower  part 
of  the  Transition  Zone. 

Fritillaria  atropurpurea  Nutt.  var.  pinalorum  (Davids.)  Johnston,  comb.  nov. 
F.  pinetoTum  Davidson.  A  single  plant  of  this  species  was  collected  at  the 
Old  Hydraulic  Mine,  growing  at  7750  ft.  alt.  in  decomposed  granite  on  a  north- 
facing  slope.  Another  single  plant  was  found  growing  in  a  similar  habitat 
at  7250  ft.  alt.  in  Icehouse  Caiion.  Both  stations  are  in  the  Upper  Transition 
Zone.  Dr.  Hall  (No.  1504)  collected  the  plant  in  Swartout  Valley  at  6000  ft. 
alt. 

This  variety  is  distinguished  from  the  species  by  its  erect  pedicels,  slightly 
smaller  flowers  and  stouter  habit  of  growth. 

Calochorlus  invenustus  Greene.  In  decomposed  granite  in  the  Upper  Transition 
Zone.    Frequent.     (Nos.  1397,  1606.) 

lUIDACE^ 

Sisyrinchium  oreophihim  Bickn.  Common  in  springy  places  in  the  Upper  Transi- 
tion Zone.  Not  seen  lower  than  6500  ft.,  nor  higher  than  8200  ft.  alt.  Cer- 
tainly distinct  from  the  valley  form,  being  smaller,  more  slender  and  un- 
branched;  the  fruit  is  smaller  and  thinner  walled;  the  flower  is  smaller  and 
much  darker  in  color.  A  good  variety  at  least.  Det.  E.  P.  Bicknell.  (No. 
1409.) 

oncniD.\CE.E 

CorallorhizamuUifloratiutt.  Seen  at  three  stations.  At  Kollys  Cabin,  the  lar- 
gest colony,  the  plants  were  growing  in  rich  moist  ground  under  the  pines  at 
8250  ft.  alt.  A  single  plant  was  found  in  a  rotting  pine  log  on  the  saddle  be- 
tween Baldy  and  Pine  Mt.  Another  individual  was  seen  under  the  pines  at 
8750  ft.  alt.  on  the  west  spur  of  Baldy.  All  these  stations  are  in  the  upper- 
most part  of  the  Transition  Zone.     (No.  1669.) 

Limnorchis  sparsijlora  (Wats.)  Ilydb.  Frequent  in  marshes  in  the  lower  two- 
thirds  of  the  Transition  Zone,  highest  seen  at  8000  ft.  at  the  Old  Gold 
Ridge  Mine.  Our  lower  station  is  the  marsh  below  Camp  Baldy,  where  it  is 
very  common  at  4200  ft.  alt.  in  the  Upper  Chaparral  Belt.     (No.  1433.) 

Epipciclis  gignnlea  Dougl.  With  the  last  in  the  pine  belt, but  extending  to  much 
lower  levels,  reaching  the  foothills  and  valley.     (No.  1529.) 
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SALICACE.E 

Salix  cordala  Muhl.  var.  WaUoni  Bebb.  Very  common  in  springj-  ground  in  the 
Upper  Transition  Zone  where  it  is  usually  found  growing  between  60OO  and 
8000  ft.  alt.     (Nos.  12SG,  1408,  1665,  1955,  1980.) 

Salix  flavescens  Xutt.  Frequent  in  moist  ground  along  creeks,  above  7500  ft.  alt. 
Always  in  the  higher  parts  of  the  Transition  Zone.  A  station  quite  different 
from  any  other  seen,  is  in  the  Canadian  Zone  on  Pine  Mt.  at  an  altitude  of 
8250  ft.  On  a  small,  dry,  rocky  bench,  a  stone's  throw  from  the  ridge  crest, 
there  is  a  colony  of  this  willow.     (Nos.  1287,  1394,  1683,  2033.) 

Salix  laevigata  Bebb.  Found  just  within  the  pine  belt  on  both  sides  of  the  moun- 
tains. 

Salix  Parishiana  Rowlee?  Specimens  collected  in  a  small  meadow  below  the 
Native  Son  Mine  were  doubtfully  referred  to  this  species  by  Mr.  C.  Schneider. 
(No.  1685.) 

Salix  exigua  Nutt.  var.  virens  Rowlee.  The  willow  mentioned  here  was  found 
growing  on  the  gravelly  floor  of  a  very  narrow  side  canon,  alt.  7500  ft.  in  the 
Upper  Transition  Zone,  near  the  head  of  San  Antonio  Canon.  The  plants, 
which  form  a  very  large  colony,  are  all  less  than  a  meter  high,  despite  the  fact 
that  all  branches  are  erect.  The  colony  is  further  noteworthy  in  that  the 
majority  of  the  catkins  examined  showed  the  presence  of  both  staminate  and 
pistillate  flowers. 

Regarding  the  determination  of  this  willow  Mr.  Schneider  writes,  "A  very 
interesting  form  which  might  be  S.  exigua  virens  Rowlee  sensu  striclo,  but  it 
also  much  resembles  <S.  melanopsis  Bolanderiana."     (Nos.  1401,  1665,  2095.) 

Populus  Irichocarpa  T.  &  G.  Frequent  in  the  lower  canons,  but  in  the  pine  belt 
it  is  not  common  and  apparently  confined  to  the  Upper  Transition  Zone. 
All  the  pine  belt  specimens  seem  to  tend  towards  narrow  leaves.  The  form 
ingrata  Jeps.,  may  be  considered  present,  for  occasional  trees  or  parts  of 
trees  have  distinctly  lanceolate  leaves.     (No.  1447.) 

Populus  Frcmontii  Wats.  Lower  Transition  Zone  at  6500  ft.  in  North  Fork  Lytle 
Creek  and  at  5000  ft.  alt.  in  Prairie  Fork.  A  common  valley  species.  (No. 
1659.) 

BETTJLACE^ 

Alnus  rhombifolia  Nutt.  Common  along  streams  in  the  Upper  Sonoran  and  Lower 
Transition  Zones.     Ascending  as  high  as  7000  ft.  alt. 


Quercus  Kelloggii  Newb.  Common  around  6500  ft.  alt.  in  Prairie  Fork.  Very 
abundant  near  the  head  of  South  Fork  Lytle  Creek  and  011  San  Sevaine  Flat . 
(N08.  1450,  1714  ) 

Quercus  Wislizeni  DC  Very  common  in  the  Upper  Chaparral  Belt  and  extending 
a  short  distance  up  into  the  Lower  Transition  Zone. 

Quercus  chrysolepis  Liebm.  Common  in  the  lower  canons  above  3000  ft.  It  as- 
cends the  mountains  to  a  maximum  altitude  of  8500  ft.  on  the  steep  south 
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slope  of  Ontario  Pk.     Common  throughout  the  Transition  Zone.     It  becomes 
a  low  dense  shrub,  scarcely  over  a  meter  in  height,  near  its  upper  limit. 
Castanopsis  sempervirens  (Kell.)  Dudley.     Common  from  the  upper  part  of  the 
Transition  Zone  to  BaldySummit.     The  plant  blooms  in  August  during  which 
time  one  is  nearly  sickened  by  its  odor.     (No.  1541.) 

LOR.WTH.^CE.E 

Arceuthobiiim  cnmpylopodum  Engelm.     On  Pinus  Lamhcrtiana  at  "500  ft.  alt.  in 

Coldwatcr  Fork  Lytle  Creek, and  on  Pinus  ponderosa  at  6500  ft. alt.  in  Prairie 

Fork.     (Nos.  1688,  1720.). 
Phoradendron  Ubocedri  Howell.     On  Libocedrus  decurreiis  at  4700  ft.  alt.  in  Prairie 

Fork  and  at  6500  ft.  alt.  in  North  Fork  Lytle  Creek.     (No.  1718.) 
Phoradendron  villosum  Nutt.     On  Quercus  chrysolepis  and  occasionally  Q.  WisU- 

zeni.     (No.  1719.) 
Phoradendron  paucifloruin  Torr.     The  common  mistletoe  in  the  pine  belt,  the 

only  one  attacking  Abies  concolor.    So  common  is  the  plant  below  7500  ft. 

alt.,  that  hardly  a  fir  can  be  found  that  is  left  unpreyed  upon.     (No.  1622.) 

CRTIC.\CE.B 

Urlica  holosericea  Nutt.  Abundant  in  the  valleys,  but  only  occasional  in  the 
Lower  Transition  Zone.  We  were  surprised  to  find  it  abundant  at  8000  ft. 
alt.  in  the  Upper  Transition  Zone  at  the  Old  Gold  Ridge  Mine.     (No.  1605.) 

rOLYGOXACE.E 

Oxytheca  caryophylloides  Parry.  L'nder  the  pines  at  Baldy  Lookout,  alt.  6000  ft.. 
Lower  Transition  Zone.     (No.  1259.) 

Oxytheca  Parishii  Parry.  Lower  Transition  Zone  on  both  sides  of  the  mountain; 
not  common.     (No.  1487.) 

Eriogonum  molestum  Wats.  var.  Davidsonii  (Greene)  Jeps.  Common  in  open 
sunny  places  in  the  Transition  Zone.     (Nos.  1583,  1406.) 

Eriogonum  nudum  Dougl.  Occasional  on  dry  canon  sides  throughout  the  Transi- 
tion Zone.     Flowers  in  late  August.     (Nos.  1588,  1699,  1702.) 

Eriogonum  elongalum  Benth.  Collected  in  the  pine  belt  at  5250  ft.  alt.  in  San  An- 
tonio Canon  and  at  5000  ft.  alt.  in  Prairie  Fork.  Common  at  lower  altitudes. 
(No.  1716.) 

Eriogonum  fasciculalum  Benth.  var.  pollfolium(BeTith.)T.&  G.  On  sunny  canon 
sides  throughout  the  Transition  Zone.     (No.  1569.) 

Eriogonum  Wrighlii  Torr.  var.  subscaposum  Wats.  Frequent  on  gravelly  canon 
floors  and  on  exposed  ridges  in  the  Upper  Transition  and  lower  parts  of  the 
Canadian  Zone.     Blooms  during  the  last  of  August.     (Nos.  1544,  1581.) 

Eriogonum  saxnlile  Wats.  A  common  plant  in  the  Upper  Transition  and  Ca- 
nadian Zones.  A  form  of  this  species  with  a  dark  wine-colored  calyx  occurs 
on  Baldy  and  Telegraph  Pk.  Summits.  The  only  difference  is  in  the  color, 
and  that  was  found  to  grade  into  the  pale  greenish  yellow  of  the  common 
form.     (Nos.  1382,  1463,  1473,  1546,  1572.) 
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Eriogonum  microlhecum  Nutt.  We  know  it  from  only  two  stations.  Along  the 
crest  of  the  ridge  a  little  east  of  Cucaraonga  Pk.  Summit  at  about  8700  ft. 
alt.  and  on  the  crest  of  the  west  spur  of  Baldy  at  9000  ft.  alt.  Both  stations 
are  but  small  colonies  situated  in  very  rocky  ground  along  a  ridge  in  the  Cana- 
dian Zone.     Det.  W.  L.  Jcpson.     (Nos.  1530.  1726.) 

Eriogonum  umbdlatum  Torr.  Frequent  in  dry  ground  under  the  pines  in  the 
Lower  Transition  Zone.     Never  found  in  exposed  places. 

Abrams  (Fl.  Los  Ang.  109.  1917)  gives  Eriogonum  stellalum  as  "common  in 
the  coniferous  forests."  We  think  he  must  have  reference  to  E.  umbellatum 
since  a  careful  observation  has  failed  to  detect  any  of  our  plants  with  the 
branched  or  bracted  umbel  rays  which  characterizes  E.  stcllatum.  (Nos. 
1383,  1474.) 

Erigeron  umhcUalutn  Torr.  var.  minus  Johnston.  .\  much  reduced,  ecological 
form  which  is  common  at  the  type  station  on  Baldy  Summit.  The  plant  also 
occurs  on  the  other  peaks  where  it  is  confined  apparently  to  the  higher  parts 
of  the  Transition  Zone  and  to  the  Canadian.     (Nos.  1584,  1692.) 

PORTULAC.iCE.E 

Calyptridium  inonandrum  Nutt.  Not  uncommon  in  dry  ground  along  the  lower 
edges  of  the  pine  belt. 

Calyptridium  Parryi  Gray.  Frequent  in  the  Canadian  Zone  on  bare  stretches  of 
decomposed  granite. 

Calyptridium  umhellatum  (Nutt.)  Greene.  Common  in  open  ground  under  the 
pines  in  the  Upper  Transition  Zone  and  on  bare  ridges  in  the  Canadian  Zone. 
Ranging  between  7500  and  9700  ft.  alt.     (Nos.  1273,  1397.) 

Lewisia  rediviva  Pursh.  Common  in  rocky  exposed  places  throughout  the  Tran- 
sition Zone.     (Nos.  1280,  1412,^1470,  1493.) 

Montia  exigua  (T.  &  G.)'Jeps.  var.  viridis  (Davidson)  Jeps.  Locally  abundant  on 
a  sunny  talus  slope  in  the  Upper  Transition  Zone,  at  7000  ft.  alt.  in  Icehouse 
Canon.  Collected  "near  Old  Baldy"  at  5750  ft.  alt.  by  Dr.  Hall  (no.  1245). 
The  type  was  collected  in  Rock  Creek  just  west  of  our  limits.     (No.  2037.) 

CARYOPHYLL.^CE.E 

Arenaria  Douglasii  Fenzl.    Abundant  in  the  spring  under  the  pines  along  the 

lower  edge  of  the  Transition  Zone.     (No.  1356.) 
Arenaria  Nvttallii  Pax.  var.  gracilis  Rob.    Collected  on  "Mt.  San  Antonio'  by 

Prof.  McClatchie  ace.  Jeps.  Fl.  Cal. 
Arenaria  macradenia  Wats.     Collected  by  Dr.  Hall  at  6.500  ft.  alt.  in  Swartout 

Canon.     (No.  1276.) 
Silene  Parishii  Wats.    Not  common  but  generally  distributed  over  the  moun- 
tains.    Confined  to  the  upper  parts  of  the  Transition  and  Canadian  Zones. 

Not  seen  below  7000  ft.  alt.    Usually  found  in  rocky  places  but  occasional  in 

decomposed  granite.     (Nos.  1531,  1553,  1563,  1670.) 
Silene  Lemmonii  Wats.    Lower  Transition   Zone,  alt.  4.500-G500  ft.  in  Cascade 

Canon.    Shaded  canon  side.     (No.  1276.) 


88  I-    M.   JOHNSTON 

Silene  verecunda  Wats,  platyota  (Wats.)  Jeps.  Frequent  in  the  Transition 
Zone.  In  the  higher  part  of  this  zone  it  is  verj'  common  in  moist  shaded 
ground  under  the  pines.  Here  the  plants  are  lower  and  much  niore  slender 
than  they  are  at  lower  levels  and  the  calyx  usually  has  a  distinct  purplish 
color  whicli  is  ab.sent  in  the  Lower  Transition  form.  (Nos.  13S6,  14S1,  1528, 
1071.) 

R.\NUNCUL.\CE.« 

Aquilegia  Iruncala  F.  &  M.    Common  in  springy  places.     Transition  Zone  and 

lower.     (No.  1532.) 
Delphinium  hesperium  Gray,   var.  recurvatum    (Greene)   Jeps.     "San  Antonio 

j\lts.,  5750  ft.  alt.  Hall"  and  "Lytle  Creek  Canon,  5500  ft.  alt.  Hall"  ace. 

Davidson,  (Muhl.  4:3-1,  1908). 
Here,  very  likely,  belongs  the  common  larkspur  noted  in  Prairie  Fork  of 

which  we  have  seen  only  fruiting  specimens. 
Thalictrum  polycar pum  Wats.     Common  in  moist  ground  bordering  streams  in 

the  upper  parts  of  Prairie  Fork  San  Gabriel  River  and  North  Fork  Lytle 

Creek,  Upper  Transition  Zone,  alt.  7000-8000  ft.     .\lso  at  5000  ft.  in  Prairie 

Fork.     (Nos.  1677,  2093.) 
Clematis  liguslicifolia  Nutt.     llanges  from  the  lower  canons  up  to  an  altitude  of 

7000  ft.  in  the  pine  belt. 

L.\UR.\CE.l; 

Umbellularia  calif ornica  Nutt.  This  Upper  Sonoran  tree  ranges  a  short  way  up 
into  the  pine  belt. 

r.\P.\VERACEi; 

Argcmone  platyceras  Linkk.  &  Otto,  var.  hispida  (Gray)  Prain.  W' ith  wide  distri- 
bution in  the  mountain  but  not  especially  common.  In  the  Upper  Transi- 
tion Zone  at  9000  ft.  on  the  Devils  Backbone  and  at  8000  ft.  alt.  at  the  Old 
Gold  Ridge  Mine.  In  the  Lower  Transition  it  is  not  uncommon  in  the  sandy 
ground  in  Prairie  Fork  and  North  Fork  Lytle  Creek. 

CBUrlFERAE 

Draba  corrugala  Wats.  D.  vestila  Davidson.  A  very  common  and  characteristic 
plant  of  the  Canadian  Zone.  Usually  growing  under  the  pines,  but  on  Baldy 
Summit  it  is  common  among  loose  rocks. 

A  plant  collected  by  Burlew  on  Baldy  Summit  was  made  the  type  of  D. 
vestila,  a  species  described  by  its  author  as  differing  from  D.  corrugala  in  being 
more  hirsute  and  more  compact  in  habit,  and  in  having  shorter  petals  and 
less  corrugated  fruit.  Dr.  Davidson  mentions  certain  collections  from  the 
San  Jacinto  Mts.  that  in  his  mind  represent  typical  corrugala.  From  our 
studies  of  herbarium  material  it  appears  that  D.  corrugala  is  represented  in 
the  San  Jacinto  Mts.  by  a  very  distinct  geographical  variety  that  is  char- 
acterized by  its  long  petals,  slightly  smaller  and  more  contorted  fruit  and  by  its 
slender,  naked,  unbranched  stems  bearing  a  simple,  open  few  (lowered  raceme. 
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The  plants  from  the  San  Antonio  Mts.  and  those  from  the  San  Bernarflino 
Mts.  agree  in  having  very  short  inconspicuous  jictals,  rather  large,  little  con- 
torted fruit  and  stout,  leafy,  much  branched  stems  that  form  dense,  many 
flowered  ijaniclcs.  This  form  is  apparently  the  typical  plant  for  the  type  was 
collected  by  Lemmon  on  Grayback  in  the  San  Bernardino  Mts.  It  th\is  ap- 
pears that  i'fx/!(a  was  described  through  a  misconception  as  to  what  consti- 
tuted the  true  corrugata  and  that  the  well  marked  variation  on  Ml  .San  Jacinto 
through  which  this  misconception  arose,  is  still  without  a  name.  (Nos. 
1279,  1416,  1G09.) 

Sisif"'b''i"in  canescens  Xutt.  Dry  sandy  ground  in  the  lower  part  of  the  pine 
belt     Common  in  the  chaparral  belt 

Dentaria  califoniica  Xutt.  Rare  in  cool,  moist  places  in  the  lower  parts  of  the 
pine  belt;  frequent  in  the  Upper  Chaparral  Belt. 

Arabis  arcuala  Gray.  Frequent  in  dry  rocky  ground  throughout  the  Lower  Tran- 
sition Zone.  It  descends  the  canons  on  the  south  side  and  reaches  a  minimum 
altitude  of  1000  ft.  in  the  gravelly  wash  of  San  Antonio  Canon. 

The  pine  belt  form  has  its  pods  uniformly  shorter  than  the  Upper Sonoran 
plant.  The  valley  and  chapirral  belt  plant  has  pods  7-9  cm.  long;  the  pine 
belt  form  has  its  pods  only  3-5  cm.  in  length.  (Nos.  1359,  15S9,  1951,  1952, 
1956,  1973.' 

Arabis  glabra  (L.)  Bernh.  Occasional  in  the  lower  parts  of  the  pine  belt ;  common 
at  lower  levels. 

Arabis  repanda  Wats.  Frequent  in  dry  open  ground  under  the  pines  in  the  Upper 
Transition  Zone.     (Nos.  1464,  1663.) 

Arabis  platysperma  Gray.  Frequent  under  the  pines  in  the  Upper  Transition 
and  Canadian  Zones.  Exceedingly  abundant  in  the  vicinity  of  Kellys  Cabin. 
A  single  plant  was  found  on  Baldy  Summit.     (Nos.  1465,  1560.) 

Erysimum  asperum  DC.  Common  in  dry  open  ground  under  the  pines  in  the 
Lower  Transition  Zone. 

Streptanlhus  campestris  Wats.  var.  bernardinus  (Greene)  Johnston,  comb.  nov. 
Agianthus  bernardinus  Greene.  Shaded  ground  under  the  pines  in  South 
Fork  Lytle  Creek,  alt.  6000  ft. 

This  variety  is  a  lower  and  more  slender  plant  than  the  species  with  smaller, 
yellow  flowers  which  have  recurved  sepals.  Though  quite  distinct  in  their 
extremes,  the  species  and  the  variety  are  well  connected  by  intermediate 
forms.     (No.  1477.) 

Caulanthus  amplexicaulis  Wats.  Common  in  dry  situations  throughout  the 
Transition  Zone.   (Nos.  1267,  1467.) 

CR.\SStrL.\CE« 

Dudleya  puniila  Rose.  D.  minor  Rose.  Not  uncommon  in  crevices  of  granite. 
Usually  found  on  sunny  ledges  but  occasionally  also  in  shaded  caiion  walls 
where  it  takes  on  a  different  form. 

In  exposed  situations  this  plant  has  compact  rosettes  of  very  glaucous 
nearly  ovate  leaves.  The  stem  averages  less  than  5  cm.  in  height  bearing 
densely  flowered  (30  per.  plant)  compounded  cymes  of  reddish  colored  flowers. 
When  the  plant  grows  in  a  cool  caiion  the  rosette  is  very  much  looser  and  the 
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leaves  sparingly  glaucous  and  oblong  in  shape.  The  stems  are  very  slender 
and  average  about  10  cm.  in  height.  The  cyme  is  not  compounded  much 
and  consists  of  usually  less  than  15  flowers,  these  latter  being  very  pale  yellow 
in  color. 

D.  minor  appears  to  be  only  a  form  of  pumila  that  has  broader  calyx  lobes. 
This  plant  has  at  various  times  been  placed  under  Dtidleija  nevadensis  but 
that  is  a  very  different  plant  and  has  a  more  northern  range.  (Nos.  1289, 
1643,  1646.) 
Sedum  anomaium  (Britton)  B.  &  R.  On  the  west  end  of  Ontario  Penk,  in  Cascade 
Canon,  this  is  very  abundant  on  a  talus-covered  north-facing  slope.  Lower 
Transition  Zone,  4500-6.500  ft.  alt.  Det.  J.  X.  Rose.  (Nos.  12SS,  1814, 
2053.) 

S.^XIFR.^GACE.E 

Boykinia  rolundifolia  Parry.  Frequent  in  moist  places  in  the  Upper  Sonoran  and 
Lower  Transition  Zones,  reaching  its  maximum  altitude  of  6.500  ft.  in  Icehouse 
Canon. 

Heuchera  Abramsii  Rydb.  Common  at  the  type  station  on  Baldy  Summit.  We 
found  the  plant  also  on  the  west  spur  of  Baldy  and  on  Pine  Mountain.  On 
these  ridges  it  descends  to  the  lower  edges  of  the  Canadian  Zone,  where  it  was 
found  to  grow  with  //.  clegans.  We  looked  for  signs  of  intergradation  but 
none  could  be  detected  even  when  the  two  species  grew  near  each  other. 
(Nos.  1417,  1690,  172S,  2096.) 

Heuchera  elegans  Abrams.  Frequent  from  the  Upper  Chaparral  Belt  to  the  lower 
part  of  the  Canadian  Zone.  Always  growing  in  very  rocky  situations.  At 
5000  ft.  alt.  is  about  the  lowest  we  have  seen  the  plant,  while  9000ft.,  on  Tele- 
graph Pk.,  is  about  the  highest.  The  plant,  in  the  San  Antonio  Mountains 
at  least,  is  by  no  means  an  Upper  Chap  irral  Belt  species  as  it  has  been  thought 
to  be.     (Nos.  1395,  1456,  1559,  1.561,  1733.) 

Ribes  monligenum  McClatchie.  Baldy  Summit  is  the  type  station  of  this  widely 
distributed  subalpine  shrub.  It  is  common  there,  growing  in  the  shelter  of 
the  rocks  that  are  scattered  near  the  summit.  On  the  west  spur  of  Baldy  it 
descends  to  the  9000  foot  contour,  the  lowest  altitude  at  which  it  was  seen. 
To  be  expected  on  Pine  Mountain,  but  we  failed  to  find  it  there.     (No.  1415.) 

Ribes  ccreum  Dougl.  Commo  i  in  the  higher  part.s  of  the  Transition  Zone  and 
through  the  Canadian  Zone,  reaching  Baldy  Summit.     (Nos.  1272,  1419.) 

Ribes  nevadense  Kell.  Common  in  damp  ground  along  the  streams  in  the  Transi- 
tion Zone.  In  the  Upper  Transition  Zone  it  is  often  found  growing  in  the 
shade  of  the  pines  at  some  distance  from  water.  This  species  is  one  of  the 
characteristic  plants  of  the  Transition  Zone.     (No.  1403.) 

Grossularia  Roezli  (Regel)  Cov.  &  Britt.  Frequent  in  various  situations  in  the 
Upper  Transition  and  in  the  lower  part  of  the  Canadian  Zone.     (No.  1271.) 

Grossularia  amara  (McClatchie)  Cov.  &  Britt.  Ranging  a  short  distance  up  into 
the  pine  belt.     Frequent  in  shaded  phices  in  the  Upper  Chaparral  Belt. 

(To  be  contiiiueii.) 
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Prepakation  of  Seed  Potatoes.— One  of  the  best  station  bulletins 
that  lias  appeared  recentlj'  is  the  one  from  Maryhmd  written  by  C.  O. 
Applenian.'  In  the  practical  application  of  a  fundamental  phyaio- 
lofiical  principle  it  is  far  ahead  of  the  usual  run  of  station  bulletins. 
It  is  scientific,  exact,  and  yet  so  simply  planned  and  presented  that  a 
practical  individual  interested  in  better  potato  yields  can  vmderstand 
it.     We  need  more  station  bulletins  of  this  type. 

Appleman's  bulletin  on  the  Phj-siological  Basis  for  the  Preparation 
of  Potatoes  for  Seed  has  in  view  as  its  chief  object  the  preparation  of 
seed  for  the  practical  growing  of  potatoes.  It  deals  with  such  ques- 
tions as  the  relative  values  of  the  eyes  on  dilTerent  parts  of  the  tubers, 
the  size  and  form  of  the  seed  pieces,  and  the  method  of  cutting  the 
tuber.  These  questions  are  discussed  with  special  reference  to  the 
influence  of  factors  inherent  in  the  tuber.  Some  of  the  more  impor- 
tant conclusions  maj^  be  summarized  as  follows: 

Terminal  eyes  suppress  or  retard  the  growth  of  other  eyes  on  the 
tuber.  The  degree  of  this  growth  inhibition  is  influenced  by  the  vari- 
ety, size  of  the  tuber,  vigoi;  of  the  terminal  sprouts  and  external 
condition. 

It  is  these  internal  growth  inhibitory  influences  which  should  receive 
most  consideration  in  formulating  a  practical  procedure  for  cutting 
the  tuber  for  seed. 

Eyes  on  the  stem  half  of  the  tuber  are  capable  of  producing  vigorous 
sprouts,  when  their  connection  with  the  terminal  eyes  is  severed  and 
they  are  just  as  valuable  for  seed,  all  other  conditions  equal,  as  the 
eyes  on  the  terminal  or  seed  half  of  the  tuber. 

The  vigor  of  the  sprouts  depends  upon  the  size  of  the  seed  piece. 
Within  certain  limits,  the  yield  of  tubers  increases  directly  with  the 
weight  of  the  seed  piece.  The  size  of  the  seed  piece  can  easily  there- 
fore become  the  limiting  factor  in  the  crop  yield.  The  seed  piece  must 
not  weight  less  than  1.5  oz. 

'  Appleman,  C.  O.  Physiological  Basis  for  the  Preparation  of  Potatoes  for 
Seed.    Md.  Agric.  Exper.  Sta.  Bull.  212.     1918. 
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In  cutting  the  tuber  for  seed,  the  size  of  the  piece  should  be  the 
criterion  to  have  in  mind  rather  than  the  number  of  eyes  to  the  piece. 
The  piece  should  be  compact  and  as  nearly  imiform  in  size  as  possible. 
One  ej'e,  or  even  half  of  an  eye  to  a  piece,  will  suffice  if  the  piece  is  of 
suitable  size. 

The  idea  that  the  terminal  eyes  are  more  vigorous  and  for  that 
reason  each  piece  should  bear  one  or  more  of  these  eyes,  may  lie  safely 
climinatetl  in  practice.  In  order  to  make  use  of  the  middle  or  basal 
eyes  for  seed,  they  must  be  separated  from  the  tenninal  eyes. 

Buds  near  a  cut  surface  will  produce  sprouts  more  quickly  than  those 
in  the  middle  of  the  piece.  Cutting  the  tubers  from  side  to  side  as 
much  as  possible  will  bring  the  most  eye.s  near  a  cut  surface. 

This  investigation  should  settle  for  once  and  all  the  conflicting  opin- 
ions, ideas  and  experimentations  regarding  the  preparation  of  potatoes 
for  seed. — li.  P.  Hibhaud. 

Our  National  Forests. — We  have  had  many  books  describing  the 
beauties  and  scenic  grandeur  of  the  National  Forests  and  National 
Parks,  and  it  is  satisfying  to  find  that  the  recent  volume  bj^  Boerker' 
is  not  a  mere  addition  to  this  number.  It  is,  on  the  other  hand,  an 
account  of  the  history  and  administration  of  the  Forest  Service  and  a 
complete  picture  of  its  work.  The  fact  that  the  author  is  no  longer 
connected  with  the  Service  enables  him  to  speak  appreciativeh'  of  its 
activities,  at  the  same  time  that  his  seven  years  of  work  in  the  western 
National  Forests  have  given  him  a  first-hand  familiarity  with  his  sub- 
ject. The  history  of  the  early  movements  for  national  control  of  our 
forests  is  given,  and  also  that  of  the  rapid  growth  of  the  "  forest  reserves," 
as  they  were  then  called.  The  administration  of  the  forests  is  de- 
scribed, with  reference  to  the  duties  of  the  district  supervisor,  the  super- 
visor of  each  forest,  and  the  men  from  whom  technical  and  legal  advice 
is  secured.  All  aspects  of  the  field  work  on  National  Forests  are  de- 
scribed and  illu.strated,  including  the  gathering  of  the  seed  crop,  re- 
forestation, fire  protection,  the  building  of  roads,  trails,  and  telephone 
lines,  and  the  supervision  of  grazing  and  lumbering  operations.  The 
importance  of  the  forests  as  sources  of  water  and  as  public  recreation 
grounds  is  brought  out  with  con.siderable  emphasis.  Boerker's  book 
displays  in  every  cliapler  the  fine  c.s/jc//  de  corps  thai   has  made  tlie 

'  Boerker,  Ricliard  H.  D.  Our  Natioiiiil  Korest«.  Pp.  O'.t  +  238;  figs.  SO. 
New  York,  The  Macmillan  Company,  1918. 
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administration  of  tlie  National  Forests  so  efficient,  and  the  enthusiastic 
devotion  of  its  men,  whieh  has  done  so  much  to  win  pubHc  respect  for 
our  national  forest  policy.  It  is  fine  to  have  such  a  well  executed 
and  amply  illustratetl  hook  for  the  dissemination  of  sound  information 
about  our  National  Forests. — FoRRfeST  Shreve. 

A  Recent  Study  of  Club  Root. — Kunkel's  recent  work'  on  Plas- 
modiophora  disproves  the  idea  so  widely  prevalent  that  infection  of 
cabbage  plants  must  occur  through  the  root  hairs.  In  his  experiments 
paper  cylinders  were  fastened  around  the  roots  of  healthy  plants  after 
the  latter  had  been  washed  free  from  earth,  at  places  free  from  branches. 
The  cylinders  were  then  filled  with  earth  containing  the  spores  of 
Plasm odiopbom  and  sealed  with  paraffin,  the  roots  were  covered  with 
moist  earth,  and  the  plants  were  examined  at  the  end  of  two  weeks. 
Infection  always  occurred  within  the  cylinders  regardless  of  the  loca- 
tion on  the  root,  and  in  no  case  did  it  arise  outside.  The  experiment 
appears  to  demonstrate  clearly  that  the  parasite  can  enter  tissue  far 
back  of  the  root-hair  region.  Supplementary^  study  of  prepared  slides 
revealed  the  parasite  below  the  root  hairs  in  the  root-tip  in  some  of  his 
material.  Stems  were  also  found  to  be  capable  of  infection.  Two 
thousand  plants  varying  in  age  from  one  to  twelve  months  were  in- 
oculated in  the  stem,  and  infection  followed  in  every  one.  Cells  be- 
come infected  by  host  cell  division  and  by  penetration  of  the  parasite 
thi'ough  the  wall  of  an  infected  cell  into  normal  ones.  Nuclei  respond 
to  the  stimulus  of  the  paiasite  bj'  a  greater  proportional  enlargement 
than  the  cytoplasm  shows,  and  this  response  is  evident  in  cells  at  a 
considerable  distance  from  the  infected  spot.  The  club  root  is  first 
noticeable  as  a  slight  swelling  in  about  eleven  days,  but  two  weeks  are 
iHHiuired  Ix^fore  the  cambium  is  penetrated.  The  mass  of  parasitic 
I)rotoplasm  bears  a  remarkably  constant  ratio  to  that  of  the  host. 
\\'ilting  of  the  host  is  due  to  hypoplasia  of  xylem,  and  to  the  sjilitting 
of  the  wood.\-  cylinder  caused  by  the  infection  and  growth  of  tlu;  ininiul- 
lary  rays. — J.  (i.  Brown. 

'Kuiikel,  L.  ().  Tissue  Invasion  by  Phixmoiiiophora  Brassiciie.  .Jour.  Agric. 
Res.  14:  543-572 ;  p!.  20.     191S. 


NOTES  AND  COMMENT 

The  cultivation  of  the  Washington  navel  orange  has  gradually  been 
extended  in  southern  California  from  the  humid  coastal  regions  to 
some  of  the  arid  interior  valleys,  where  the  yield  is  greatly  reduced 
by  the  premature  fall  of  young  fruits.  J.  E.  Coit  and  R.  W.  Hodgson 
have  recently  investigated  the  cause  of  the  "June  drop"  of  young 
oranges  (Univ.  Cal.  Pubns.  in  Agrl.  Sci.,  vol.  3,  no.  11),  establishing 
the  fact  that  the  arid  conditions  of  such  localities  as  the  southern 
San  Joaquin  Valley  are  directly  responsible  for  the  drop.  Evidence 
is  given  to  show  that  high  rates  of  transpiration  cause  such  a  reduc- 
tion in  the  water  content  of  the  tissues  that  the  formation  of  a  definite 
abscission  layer  takes  place  in  the  stems  of  the  young  fruits.  Ameliora- 
tion of  the  local  atmospheric  conditions  by  the  growing  of  irrigated 
crops  near  by  has  been  found  to  reduce  the  loss  in  the  oranges.  Bj'  a 
comparison  of  local  evaporation  rates  with  those  of  the  great  conti- 
nental areas  it  is  shown  that  an  irrigated  crop  growing  in  the  proximity 
of  an  orange  grove  serves  to  reduce  the  evaporation  from  a  rate  like 
that  of  Tucson,  Arizona,  to  one  near  that  of  Miami,  Florida. 

The  climatic  maps  of  the  United  States,  or  of  individual  states,  show 
such  widely  separated  and  gracefully  sweeping  isocHmatic  lines  that  we 
are  prone  to  overlook  the  very  considerable  differences  of  climate  that 
may  exist  within  very  small  areas.  These  differences  may  well  be  of 
great  agricultural  importance  even  in  less  diversified  states  than 
California. 

An  interesting  paper  has  been  contributed  to  the  January-March 
issue  of  the  American  Fern  Journal  by  Mr.  Ellsworth  P.  Killi|).  de- 
scribing the  fern  flora  of  Panama.  The  lowland  jungles  of  the  Canal 
Zone  were  visited  and  also  the  summit  of  the  Sierra  Chiriqui,  which 
forms  the  continental  divide  north  of  the  isthmus.  Both  localities  were 
found  to  have  a  rich  and  varied  representation  of  ferns. 


EARLY  8PRIN(;  AT  THE  GRAND  CANON  NEAR 
EL  TOVAR 

ALICE  EASTWOOD 
California  Academy  of  Scieyiccs,  San  Fra7ir.isco,  California 

The  middle  of  April,  1917,  found  spring  just  commencing 
at  the  rim  of  the  Cirand  Canon  but  far  advanced  at  the  river 
almost  5000  feet  below.  A  few  small  flowers  had  begun  to 
creep  out  and  unfold  their  hardy  blossoms.  Snow  may  come 
again  after  this  date  as  it  did  in  fact  in  1917.  The  first  flower 
to  appear  is  Thlaspi  fendleri,  like  a  small  white  candy-tuft 
dotting  the  ground  under  the  trees.  Pedicidaris  centranthera  is 
pushing  up  its  rosy  hoods  amid  a  rosette  of  purple-red  leaves, 
with  crinkled  edges.  Two  low  umbellifers  indicate  their  pres- 
ence by  clusters  of  finely  dissected  leaves.  The  one  with  smooth 
glaucous  leaves  is  probably  Phellopterus  purpurens  and  the  other 
with  leaves  frosted  with  fine  white  lines  is  Cogsxcellia  macdougali. 
On  low  leafy  green  cushions  repose  large  white  daisies  with  pink- 
tinged  rays  not  yet  open.  Undoubtedly  this  is  the  widely  dis- 
tributed Townsendia  exscapa.  Other  rossettes  of  leaves  can  be 
seen.  One  belongs  to  Senecio  multilobatus  with  the  leaves  cut 
into  numerous  lobes  and  edged  with  cottony  down;  another  is 
that  of  Frasera  albomarginata,  with  nan-ow  grass-like  leaves  each 
neatly  edged  with  a  white  border.  Other  strangers  appear  whose 
identity  cannot  be  guessed. 

The  pines  and  juniper  form  a  shelter  for  these  small  vernal 
plants.  The  tall  yellow  pine,  a  variety  of  Pinus  pondcrosa 
has  three  long  needles  in  each  sheath;  the  spreading  piiion 
{Pimis  edulis)  has  two  shorter  leaves  in  each  sheath.  As  the 
elevation  increases  towards  Grand  View  the  yellow  pine  pre- 
dominates, while  at  the  lower  elevation  of  Hermits  Rest  it  is 
entirely  replaced  by  the  pinon.  El  Tovar  is  about  the  divid- 
ing  line   between   the   Transition   Zone,    characterizetl   by   the 
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3'ellow  pine,  and  the  Upper  Sonoran  Zone  where  the  pinon 
prevails.  The  juniper  characteristic  of  this  region,  and  growing 
commonlj'  with  the  piiion  is  the  Utah  juniper  {J.  ulahetisis).  The 
bark  is  shreddy  and  the  berries  bluish.  Just  below  the  rim  a  few 
trees  of  douglas  spruce  {Pscudotsuga  miicronata)  can  be  seen  with 
dark  gi-een,  single,  needle-shaped  leaves  surrounding  the  branchlets 
and  brown  persistent  pendent  cones.  The  white  fir  (Abies  con- 
color)  is  at  the  rim  where  the  Grand  View  trail  begins  and  can 
be  distinguished  by  the  upright  cones,  which  fall  to  pieces  when 


Fig.  1.  In  the  dense  fore.st  of  juniper  and  ])inon  south  of  El  Tovar.  il'hoto- 
graph  by  Forrest  Shreve.) 

the  .seeds  are  ripe,  leaving  the  axis  erect  on  the  branch,  and  by 
the  pale  green,  two  ranked  linear  leaves,  like  flattened  needles. 
The  pinons  and  the  junipers  extend  far  down  the  canon  walls 
but  the  other  conifers  are  only  near  the  rim.  AMiere  the 
pinon  stops  the  Lower  Sonoran  Zone  begins  with  characteristic 
vegetation. 

Scrub  oaks  and  attractive  shrul)s  arc  scatt(>nHl  uniler  the 
coniferous  forest.  The  oaks  are  especially  munerous  under 
the  yellow  pines  and  belong  to  the  conunoii  species  Qiiercus 
gambelii   characteristic    of    the    yellow    i)ine    areas    throughout 
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this  region.  In  April  they  were  without  flowers  or  leaves.  The 
rose  family  has  some  beautiful  representatives  easily  distin- 
guished by  the  persistent  leaves.  The  cliff  rose  (Cowania  sians- 
buriaua)  is  the  most  abundant.  It  has  minute  fan-shaped 
divided  leaves  with  the  edges  turned  under  and  a  viscid  lower 
surface.  This  shrub  has  flowers  Uke  those  of  the  strawberry, 
close  to  the  stem  and  followed  by  small  bunches  of  curling 
plumes  that  surround  e\-ery  branch  with  a  halo.  The  mountain 
mahogany  has  similar  feathers  to  carry  off  the  seeds,  but  only 
one  to  each  flower,  and  the  flowers  are  not  especially  notice- 
able, being  small  and  brownish  green.  One  species,  Cercocarpus 
ledifoliHS,  has  narrow  smooth  shiny  green  leaves  with  the  edges 
folded  under,  while  the  other,  Cercocarpus  parvifolins,  or  a 
variet}'  of  that  species  has  small  toothed  pubescent  leaves. 
The  most  attractive  of  all  these  rosaceous  shrubs  is  Fallugia 
paradoxa,  the  Apache  plume.  The  leaves  resemble  those  of  the 
cUff  rose  but  are  downy  instead  of  viscid  on  the  lower  surface. 
The  flowers  are  like  small  white  roses  daintily  tipping  slender 
white  stems  and  are  followed  in  fruit  by  gray,  pink-tinged  jDom- 
pons  that  have  suggested  the  appropriate  common  name. 

Another  rosaceous  shrub  quite  common  along  the  rim  is 
Chamaehatiaria  millefolia.  The  leaves  are  fern-like  with  fine 
delicate  divisions  and  the  flowers  are  in  a  close  panicle  surmount- 
ing the  stems.  The  dry  seed-pods  persist  all  winter  on  the 
shrubby'  stems.  Several  varieties  of  service  berry  (Amelanchier) 
grow  in  the  canon  and  along  the  rim.  Down  in  the  cafion  the 
bushes  are  in  full  bloom  while  at  the  rim  the  buds  are  not  yet 
beginning  to  open.  Entire  bushes  are  clothed  with  a  mantle 
of  white,  followed  later  by  blue-black  berries  somewhat  resem- 
bling the  fruit  of  the  hawthorn.  A  striking  shiaibby  barberry 
is  common  along  the  rim  and  also  lower  down.  Clumps  of  it 
several  feet  high  can  be  seen  here  and  there  from  the  train  after 
leaving  El  Tovar.  The  leaves  are  compound,  with  three  or 
five  leaflets,  armed  along  the  edges  with  sharp  spines.  In 
June  these  bushes  are  laden  with  racemes  of  yellow  flowers  and 
have  great  beauty.  The  large-leaved  large-fruited  yucca  (F. 
haccata)  is  found  with  the  junipers  and  barberries. 
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Two  species  of  indiaii  lemonade  have  begun  to  Hower  on 
the  leafless  stems.  Numerous  yellow-green  flowers  cover  these 
bushes,  later  to  be  clothed  with  leaves  and  laden  with  the  acid- 
coated  red  ben-ies.  They  belong  near  the  sumachs  and  are 
generally  included  under  Rhus  trilobala.  Two  distinct  forms  of 
this  shrub  are  found  in  the  canon,  one  with  simple  scalloped 
leaves,  found  only  at  lower  elevations,  has  been  named  Schmaltzia 
or  Rhus  alfiuis  and  the  other  is  probably  Sch)naltziii  or  Rhus 
hirlelln. 


I'lg.   :;.      I  he    Cilgf    (it     till-    npcli    yclliiW    imic    InlV^I     hrlwr.-u    l.l-MM.l    t    .iholl     ;illd 

Williams.     (Pliotograph  by  Forrest  Shrcvo.) 

Everywhere  is  the  sage-brush,  Artemisia  tridcnlaUi.  with  daik 
stems  and  gray-green  foliage,  giving  rise  to  the  common  name 
black  sage.  Several  different  species  of  Artemisia  grow  along 
the  rim  and  down  in  the  canon  but  are  not  noticeable  in  the 
.spring,  belonging  distinctly  to  the  fall  flora.  The  .same  may  be 
said  of  the  rabbit-brush,  Chnjsothainnus,  which  is  related  to 
the  golden-rod  and  has  large  bunches  of  yellow  or  straw-colored 
flowers  terminating  the  stems  and  bi-anches.  However,  even 
in  the  winter,  the  rabbit  bru.sh  gives  a  greenish  yellow  tone  to 
the   landscape   noticcal)l('    for   miles   Ix'lwccn    A\'illi:nn<   and    I'l 
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Towar.  In  naliue  or  alkaline  fiats  the  salty  sage  or  A  triplex 
pre\-ails  and  there  is  such  an  area  between  WilUams  and  El 
Tovar  where  nothing  else  seems  to  grow.  There  are  several 
species  of  A  triplex  but  the  most  common  is  Alriplex  canescens, 
which  has  circular  fruits  with  several  wings  surrounding  the 
seed.  These  often  persist  so  that  even  in  wintei-  the  species 
can  be  identified. 

The  odd  reed-hke  shrubs  that  resemble  clumps  of  Equiselum 
are  coimnon  from  the  top  to  the  bottom  of  the  canon.  The 
common  name  is  :\Iormon  or  Brigham  tea  and  the  tea  has  a 
great  reputation  as  a  blood  purifier.  Thase  jjeculiar  shj-ubs  are 
related  to  the  pines  and  other  conifers  in  having  naked  seeds. 
Botanically  they  are  known  as  Ephedra.  The  male  plants  are 
covered  at  the  joints  with  bunches  of  yellow  stamens,  while  the 
female  plants  have  green  seeds,  two  seeds  to  each  cluster.  At 
the  lower  end  of  the  canon  a  different  species  is  found.  The 
deep  green  one  along  the  rim  is  Ephedra  viridis  and  the  pale 
green  one  is  probably  Ephedra  antisyphilitica  found  only  at 
lower  ele\ations. 

May  and  June  are  the  months  in  which  flowers  are  most 
common  along  the  rim  of  the  canon.  Then  the  indian  paint 
lirush  (Castilleja) ,  the  pqntstemons,  the  blue  flax,  woodland  star 
iLithophragma).  alum  root  (Heuchera),  potentillas,  mariposa 
tulips,  evening  primroses,  gilias,  fritillarias,  arenarias  and  many 
more  make  the  whole  place  a  lovely  garden  of  flowers.  In 
July  and  August  summer  rains  occur  and  bring  about  a  second 
flowering  of  many  of  these  shrubs  and  herbs,  so  that  when  these 
are  added  to  the  regular  fall  flora,  September  will  produce  a 
greater  number  of  species  in  bloom  than  May  or  June,  but  the 
flowers  are  not  so  gay  in  color  nor  so  abundant. 


A  THERMO-ELECTRICAL  METHOD  FOR  THE  DETER- 
MINATION OF  LEAF  TE.MPERATURE 

EDITH  BELLAMY  SHREVE 

Dcserl  Laboratory,  Tucson,  Arizona 

During  the  past  year  I  have  obtained  successful  results  in 
determining  the  surface  temperature  of  plant  leaves  by  means 
of  a  thermo-electrical  method.  The  method  differs  from  pre- 
viously used  ones  in  the  fact  that  the  leaves  are  not  wounded 
and  in  the  consequent  avoidance  of  the  temperature  complica- 
tions which  have  been  shown  to  result  from  the  wouiuliug  of 
plant  tissues. 

The  essential  part  of  the  apparatus  is  a  thermo-couple.'  one 
junction  of  which  is  so  fastened  to  a  light  spring  cUp  that  it  is 
held  in  position  on  the  surface  of  the  leaf.  The  other  junction 
is  placed  beside  a  mercury  thennometer  in  a  small  thermos 
bottle.  A  portable  galvanometer  and  a  damping  key  complete 
the  main  parts  of  the  apparatus. 

The  details  of  the  instruments  are  shown  in  figure  1.  A,  B, 
and  C  are  diagrams  representing  the  top,  side  and  end  views  of 
the  spring  clip.  The  clip  is  made  of  brass  spring  wire,  the  ends 
of  which  pass  through  small  pieces  of  cork  at  the  points  marked 
a  and  b.  The  size  of  the  clip  and  strength  of  the  spring  vary 
somewhat  with  the  size  and  thickness  of  the  leaf  to  be  measured. 
I  found  No.  00  wire  to  be  most  universally  useful.  A  single  turn 
of  wire  is  made  aroimd  one  pair  of  the  cork-tipped  ends.  From 
c  to  e  the  wire  is  No.  40  copper  and  from  c  to  (/  No.  40  "Ideal" 
wire.  The  joint  at  e  is  made  by  the  cold  soldering  process  and 
must  be  very  little  thicker  than  the  wires.  The  wire  is  insulated 
on  the  top  and  sides  but  not  on  the  bottom,  where  it  touches  the 

'In  response  to  my  request  tlic  design  of  construction  of  the  thermo-couple 
was  made  by  Mr.  AL  S.  Van  Duesen,  of  the  U.  S.  liureau  of  Standards,  and  I 
am  also  indebted  to  him  for  helpful  suggestions. 
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leaf.  Around  the  other  pair  of  cork  tips  are  wound  several 
turns  of  silk  thread.  The  leaf  passes  between  the  two  sets 
of  corks  so  that  the  junction  e  touches  its  surface.  The  silk 
threads  then  touch  the  other  surface  of  the  leaf  and  act  as  a 
support  for  holding  the  clip  in  place.  The  clip  is  represented 
in  position  on  a  leaf  at  D.  E  shows  the  other  thermo-couple 
hanginjj;  free  in  the  air  of  a  thermos  bottle.  At  F  is  rciiresented 
a  poi-tal)le  telescope  galvanometer  of  high  sensitivity,  one  volt 
passing  through  a  resistance  of  40  megohms  or  more,  causing 
a  deflection  of  1  scale  division.  The  instrument  which  I  used 
has  withstood  a  year  of  very  rough  field  ser\'ice.-  At  h  is  shown 
a  two-way  switch  with  connections  made  so  that  the  galvanom- 
eter is  always  closed  excepting  for  the  second  when  the  thermo- 
couple circuit  is  opened  for  a  reading.  This  key  thus  dampens 
the  galvanometer  swings  so  that  the  readings  may  be  taken 
without  loss  of  time.  All  wires  are  insulated  excepting  at  the 
thermo-junctions. 

To  find  the  temperature  of  a  leaf  it  is  necessary  to  know  only 
the  temperature  of  the  junction  in  the  thermos  bottle  and  the 
throw  of  the  galvanometer,  provided  the  gah\anometer  has 
been  previously  calibrated.  The  calibration  is  made  by  placing 
the  clip  ^4  in  another  thermos-bottle  which  is  fitted  with  a  stop- 
per and  mercury  thermometer.  The  temperatures  of  the  air 
in  the  two  bottles  are  then  made  to  differ  by  anj^  convenient 
amount,  for  example  10°C.  The  key  is  then  pressed  and  the 
throw  of  the  galvanometer  read,  and  the  deflection  for  1° 
calculated.  The  galvanometer  is  so  sensitive  that  a  difference 
of  (  .1°C.,  between  the  two  junctions  can  be  detected:  conse- 
quently there  is  no  need  to  carry  ice  in  the  thermos  bottle.  It 
is  necessary  to  place  the  junction  /  inside  a  thermos  bottle  be- 
cause the  lag  of  a  mercury  thermometer  is  too  great  to  register 
the  frequent  and  rapid  changes  of  temperature  that  take  place 
in  the  free  air  in  the  field.  The  air  in  the  thermos  bottle  may, 
of  cour.se,  be  either  above  or  below  the  temperature  of  the  out- 
side air.     I  found  it  convenient  in  field  work  to  start  the  morning 

'The  instrument  is  made  by  the  Leeds  &  Northrup  Company,  I'liiladolpliia. 
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■J.    I.cnf  tciii|i. 


ipparulus  si-l   up  fur  Hi-ld  us<' 


readings  hv  cldsing  tlic  hot  lie  with  tIi(»  cooler  iiiglit  air  witliin  and 
to  have  the  hottle  stoppered  all  of  that  day  and  the  following- 
night.  Since  the  tem])eratnre  of  a  leaf  is  usually  of  interest 
only  when  it  is  compared  with  the  temperature  of  the  air,  it 
is  best  to  take  readings  oi  the  air  temperature  immediately 
before  and  after  the  temperature  of  the  leaf  is  read.     This  can 
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always   be  done   b}-   taking  a  galvanometer  reading  with  the 
clip  in  the  air  instead  of  on  a  leaf. 

Figure  2  shows  the  various  units  assembled  on  a  board 
about  7  inches  square.  The  board  is  screwed  to  a  photograpMc 
tripod  and  the  whole  may  be  easily  moved  about  from  plant  to 
plant  and  the  height  quickly  adjusted  to  suit  the  position 
of  the  leaf  under  observation.  In  order  to  avoid  undesirable 
thermal  currents  the  entire  apparatus  must  be  either  in  the 
sun  or  in  the  shade.  It  is  ahnost  impossible  to  avoid  shading 
parts  of  the  instruments  with  the  hands  or  body  of  the  obseixer 
and  consequently  it  is  more  convenient  to  provide  a  shade. 
A  doll's  parasol  fastened  by  a  clamp  to  the  rod  holding  the 
thermos  bottle  was  found  useful.  The  leaf  to  be  measured 
can  remain  in  the  sun  until  the  chp  is  placed  on  it.  It  reqiiires 
only  a  fraction  of  a  second  for  a  reading  to  be  made;  so  no  measur- 
able change  in  the  temperature  of  the  leaf  can  take  place  before 
the  reading  is  made. 
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PLATANACE.E 

Plalanus  racemosa  Nutt.     Ranging  a  short  distance  up  into  the  pine  belt,  but 
characteristic  of  lower  altitudes. 


Sericolheca  roncolor  Rydb.     Common  in  dry  exposed  places  in  the  Canadian  Zone 

and  not  uncommon  on  dry,  open,  sandy  canon  floors  of  the  Upper  Transition 

Zone.     In  both  Icehouse  Canon  and  Middle  Fork  Lytle  Creek  it  was  found  at 

as  low  as  6500  ft.  alt.     (Nos.  1270,  1.566,  1570,  1582,  1696.) 
Amelanchier  alnifolia  Nutt.     Icehouse  Canon  at  7250  ft.  alt.  and  at  7000  ft.  alt. 

in  both  Coldwater  Fork  Lytle  Creek  anfi  Prairie  Fork.     The  first  station  is 

on  a  dry  rocky  .place  on  the  cafion  floor  while  the  other  stations  are  both  in 

springy  ground.  * 

Our  plants  have  the  glabrous  hypanthia  and  sepals  of  the  segregate,  A. 

recurvata  Abram-.  .4.  vemdosa  Greene,  another  segregate  of  .4.  alnifolia,  is 

reported  from  Swartout  Valley  by  Abrams  (Bull.  X.  Y.  Bot.  Card.  6:382, 

1910).     (Nos.  1388,  1539,  1681,  1711.) 
Heteromeles  arbulifolia  Roera.     Enters  the  pine  belt  in  Prairie  Fork  and  in  San 

Antonio  Canon. 
Drymocallis  viscida  Parish.     Common  in  moist  ground  in  the  Transition  Zone. 

(Nos.  1410,  2062,  2068,  2072.) 
Drymocallis  laclea  (Greene)  Rydb.     Locally  very  abundant  in  a  marsh  in  a  small 

side  canon  of  Prairie  Fork.  Upper  Transition  Zone,  alt.  7000  ft.  (Xo.  2066.) 
Cercocarpus  biitdaefolius  Nutt.  Frequent  in  the  lower  parts  of  the  pine  belt. 
Cercocarpm  Ic.difolius  Nutt.     As  a  shrub  at  its  lower  limits  and  a  tree  in  its  upper 

ranges,  this  species  extends  throughout  the  Transition  Zone  and  well  into 

the  Canadian.     (No.  1485.) 
Rubus  Icucodermis  Dougl.     Occasional  in  moist  rocky  ground  in  the  Transition 

Zone.     (No.  1462.) 
Rubus  parvijlorus  Nutt.     "In  moist  shady  places  in  the  San  Antonio  and  San 

Bernardino  Mountains  in  the  pine  belt."    Ace.  Abrams,  Fl.  Los.  Ang. 
105 
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Prunus  demixsa  \\t\\\>.  Scarce  on  the  south  side  of  the  mountains,  but  common  on 
the  north  side.  Especially  abundant  in  Prairie  Fork  between  'jOOO  and  7000 
ft.  alt.  .\fe\v  plants  grow  on  the  Devils  Backbone  at  9000  ft.  alt.  The  species 
is  confined  to  the  Transition  Zone.     (Nos.  1384,  1402,  1712.) 

Prunus  ilicifolia  Nutt.  In  San  Antonio  Canon  this  enters  a  short  distance  up 
into  the  pine  belt. 

Primus  emargiiiala  Walp.  We  know  the  plant  from  only  two  stations,  both  of 
which  are  in  the  Transition  Zone,  one  in  the  lower  part,  the  other  in  the 
upper.  Coldwater Fork  Lytle  Creek,  alt. 5750ft. andncartheheadof  San  An- 
tonio Canon  at  7t)00  ft.  Dr.  Hall  collected  the  species  also  at  5700  ft.  in  Lytle 
Creek  (No.  1471)  as  well  as  "north  of  San  Antonio  Peak  at  8500  ft.  alt." 
Our  plant  is  a  shrub  which  is  seldom  higher  than  Ij  meters  and  is  similar  in 
pubescence  to  the  var.  mollis  Brew.     (Xos.  IfiOO,  1680,  2079.) 

Itosa  Calif ornica  Cham.  &  Sch.     Barely  entering  the  i)ine  belt. 

Rosa  gratissima  Greene.  Several  large  thickets  of  this  rose  were  found  in  a 
moist  meadow  near  the  Native  Son  Mine  in  Prairie  Fork. 

Specimens  were  sent  to  Dr.  Rydberg  who  determined  them  as  R.  mohavensis 
Parish.  Mr.  Parish,  however,  is  very  unwilling  to  see  our  plants  referred  to 
this  species  £o  wc  are  following  .\braras  (Bull.  N.  Y.  Bot.  Gard.  6:  380,  1910) 
in  referring  this  form,  which  he  collected  in  Swartout  Canon,  to  R.  gratissima. 
In  Rydberg's  key  (Bull.  Torr.  Bot.  Club  44:  65,  1917)  our  plant  .seems  to  fall 
into  R.  moliavensis.  Our  plants,  as  well  as  those  collected  by  Hall  (No.  1513) 
at  6200  ft.  alt.  in  Swartout  Valley,  differ  from  the  roses  collected  near  the  type 
station  of  R.  7nohai'ensis  in  being  more  or  less  distinctly  bicolored,  slightly 
puberuleut,  darker,  and  not  at  all  shiny.     (No.  1704.) 

LEGUMINOS.B 

Lupinus  Graiji  Wats.  We  are  placing  under  this  s|)ecies  all  our  lupines  which 
have  a  woody  caudcx.  The  species  thus  defined  contains  two  well  marked 
forms  which  after  some  study  may  prove  to  be  distinct  species.  On  the  south 
side  of  the  mountains  the  plants  are  low,  seldom  over  2  dm.  high,  and  com- 
pact. The  racemes  are  few  flowered  and  the  leaves  are  small,  never  over  2.5 
cm.  wide,  and  rather  short  petioled,  1-2.5  times  as  long  as  the  leaves.  On  the 
north  side  of  the  mountain  the  stems  arc  very  much  higher,  3  7  dm.  high  while 
the  plant  is  very  open.  The  racemes  are  many  flowered,  the  leaves  are  all 
over  3  cm.  wide  and  the  petioles  are  3-5  times  the  length  of  the  leaves.  The 
stems  of  this  second  form  very  much  resemble  the  branches  of  L.  Hallii,  in- 
deed if  the  evidence  of  caudex  were  destroyed  on  one  of  the  taller  specimens 
of  this  form  we  very  much  doubt  whether  they  could  be  distinguished  from 
that  species. 

Common  in  dry  open  ground  under  the  pines  in  the  Lower  Transition  Zone. 
The  color  range  of  this  species  is  considerable.  In  most  any  colony,  a  color 
scries  is  usually  obtainable,  ranging  from  pure  white  through  pink  to  dark 
blue.  (Nos.  1479,  1491,  1492,  2064,  2078.) 
Ltipinus  formosus  Greene.  Common  on  dry  slopes  with  the  last  and  descending 
to  the  valleys. 
We  feel  certain   that   there  are  too  many  forms  referred  to  this  species 
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tliat  a  critical  study  will  result  in  recognizing  a  large  number  of  good 
varieties  and  perhaps  even  several  good  s-cgresatc  species.  In  the  San 
Antonio  ^Its.  we  liavc  observed  several  forms  of  this  plant.  In  dry 
open  ground  in  the  lower  parts  of  the  pine  belt  the  plants  are  very 
open,  the  leaflets  linear,  folded  and  covered  with  rather  dense,  long 
pubescence.  The  common  form  of  the  species,  which  has  larger,  broader 
and  unfolded  leaves  lias  two  well  marked  forms  of  inflorescence.  In 
very  dry  sunny  ground  the  racemes  are  elongated  and  few  flowered, 
and  the  flowers  have  long  pedicels,  5-10  mm.  long.  Contrasted  with  this 
form  is  the  plant  which  has  dense  racemes  of  short  pediceled,  2-4  ram.  long, 
flowers.  A  plant  is  common  in  Prairie  Fork  which  we  place  under  this  species 
with  great  liesitancy.  The  habit  of  growth  is  vi>ry  different  from  the  other 
forms  referred  here,  it  being  erect  and  brancliiiig  above.  The  racemes  are 
short  and  of  seemingly  smaller,  usuallv  white,  flowers.  (Nos.  1269,  1469, 
1488,  2086.) 

Lupinus  cylisoides  Agardh.  Abundant  along  the  streams  in  the  upper  parts  of 
Prairie  F'ork  San  (Jabriel  River  and  Xorth  Fork  Lytic  Creek,  ()O00-750O  ft. 
alt..  Upper  Transition  Zone.  In  the  Lower  Transition  Zone  it  was  only  noted 
at  5400  ft.  alt.  in  San  Antonio  Cation.     (No.  2074.) 

Lvpinvn  clalus  Johnston.  Tlie  most  conpicuous  herbaceous  plant  m  the  area  cen- 
tering around  Ke'.lys  Cabin.  The  plant  flowers  continuously  from  the  middle 
of  .lune  to  late  autumn,  when  it  is  killed  to  the  ground  by  the  frost.  Its  alti- 
tudinal  range  is  between  6500  and  8700  ft.  alt.  It  is  found  on  the  low  Cana- 
dian Zone  slopes  above  Kellys  Cabin  but  it  is  apparently  more  at  home  on  the 
shaded  slopes  in  the  Upper  Transition  Zone. 

At  the  time  the  plantwas  described  we  knew  it  only  from  the  type  region  but 
we  have  since  found  it  on  the  south  spur  of  Cucamonga  Peak  where  it  w'as 
common  on  what  is  sometimes  known  as  Manzanita  Flats,  alt.  6500  ft.  The 
flowers  range  from  flesh  color  to  light  blue.  The  plants  collected  on  the 
south  slope  of  Cucamonga  Peak  are  slightly  lower  than  those  at  the  tyjie 
station, and  the  leaflets  arc  all  underO  mm.  in  length.     (Nos.  1626, 1627,  206.3.) 

Lotus  ncvadettsis  (Wats.)  Greene.  {L.  Davidsonii  Greene.)  Fairly  common  in 
dry  open  ground  under  the  pines  in  the  Lower  Transition  Zone.  At  Kellys 
Cabin,  located  on  the  upper  edge  of  the  Transition  Zone,  alt.  8200  ft.,  this 
plant  is  common  on  the  small  flats  on  w'hich  the  cabin  is  located.  This 
station  is  unusual  .since  the  ordinary  altitudinal  range  is  betw-een  5500  and 
7000  ft.  alt. 

Dr.  Abrams  (Fl.  Los  Ang.)  says  of  L.  Daoidsonii,  "very  close  to  L.  argopkyl- 
lus  and  may  be  only  a  form  of  it."  We  do  not  agree  with  this  statement  for 
we  believe  that  that  species  is  identical  with  L.  nevadensis  (Wats.)  Greene. 
The  "argophyllus  group"  can  be  separated  from  the  "nevadensis  group"  by 
its  shiny-silk  pubescence  and  its  mucronate  leaflets.  These  difterences  are 
much  better  differentiating  characters  than  the  relative  lengths  of  the  pe- 
duncles, which  Abrams  (Lf.200, 1917)  uses  to  separate  them.  We  have  found 
that  the  peduncles  are  very  variable  in  length,  even  in  a  single  collection. 
The  lateness  of  the  season  in  which  the  specimen  was  collected  seems  to  deter- 
mine, i)artly  at  least,  the  length  of  its  peduncles.     (Nos.  1423,  1552,  11.58.; 
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Lolits  argophyllus  (Gray)  Greene.  {Hosackia  argophylla  Gray  var.  decora  John- 
ston.) Most  common  in  rocky  ground  in  the  lower  part  of  the  pine  belt, 
frequent  in  the  Upper  Chaparral  Belt  and  not  uncommon  in  gravelly  washes 
near  the  canon  mouths.     (Nos.  1278,  1737.) 

Lotus  Heermanni  (D.  &  H.)  Greene.  Occasional  in  moist  sand  along  creeks  in 
the  Lower  Transition  Zone,  much  more  common  at  lower  levels.     (No.  1657.) 

Lotus  ohlongijolius  (Benth.)  Greene.  Occasional  in  moist  ground  in  the  Lower 
Transition  Zone. 

Lotus  crassifolius  (Benth.)  Greene.  Occasional  in  dry  open  ground.  Upper  Cha- 
parral Belt  and  Lower  Transition  Zone.     (Nos.  1495,  1751.) 

Lotus  strigosus  (Nutt.)  Greene.  Under  the  pines  at  5700  ft.  alt.  in  San  Antonio 
Canon. 

Lotus  americanus  (Nutt.)  Bisch.  Lower  edge  of  the  pine  belt  at  5000  ft.  alt.  in 
Prairie  Fork. 

Trifolium  monanlhum  Gray  var.  Graniianum  (Heller)  Parish.  Common  in 
springy  places  in  the  Transition  Zone  above  6500  ft.  alt.     (Nos.  1392,  1550.) 

Astragalus  Parishii  Gray.  This  species  was  collected  by  Hall  (Nos.  1248, 1531)  in 
Swartout  Valley  at  6700  and  6862  ft.  alt. 

Astragalus  leuliginosus  Dougl.  var.  Fremonlii  Wats.  Frequent  under  the  pines  on 
the  broad,  dry,  sandy  floor  of  Prairie  Fork,  ascending  the  canon  to  6500  ft. 
alt.    This  and  the  next  were  determined  by  Prof.  M.  E.  Jones.     (No.  1655.) 

Astragalus  bicristatus  Gray.  Growing  with  the  last  in  Prairie  Fork  but  also  on 
the  west  end  of  Ontario  Peak  in  Cascade  Canon,  where  it  is  common  under 
the  pines,  6000-7000  ft.  alt.  Both  stations  are  in  the  Lower  Transition  Zone. 
(Nos.  1656,  2039,  2056.) 

KUPHOnUIACE.E 

Tithymalus  Palmcri  (Engelin.)  .\braras.  Collected  by  Dr.  Hall  (No.  1532)  in 
Swartout  Canon  at  6800  ft.  alt. 


Acer  macrophtjllum  Pursh.  Common  along  streams  in  the  Upper  Chaparral  Belt 
and  Lower  Transition  Zone;.     Reaching  7300  ft.  alt.     (No.  1568.) 

RHAMNACE.E 

Rhamnus  californica  Esch.  Frequent  in  dry  sunny  ground  throughout  the  Tran- 
sition Zone,  reaching  an  altitude  of  8300  ft.     (No.  1.568.) 

Rhamnus  californica  Esch.  var.  tomentclla  Brew.  &  Wats.  Seen  only  in  Prairie 
Fork  San  Gabriel  River  and  in  North  Fork  Lytic  Creek,  where  it  grows  with 
the  species.  Connecting  forms  were  common.  The  plairts  from  Lone  Pine 
Canon,  which  Abrams  (Bull.  N.  Y.  Bot.  Card.  6:407,  1910)  cites  under  R. 
cuspidala  Greene,  are  the  same.    Lower  Transition  Zone.     (No.  1709.) 

Rhamnus  crocca  Nutt.  var.  ilicifolia  (Kell.)  Greene.  Occasional  on  dry  sunny 
slopes  throughout  the  Transition  Zone.  One  plant  was  noted  at  8250  ft.  alt. 
on  the  steep  south  face  of  Ontario  Peak. 
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Ceanolhus  i/ilcgcrrimus  II.  &  A     Quite  common  in  the  Lower  Transition  Zone  on 

the  north  side  of  the  mountain.     Rare  in  the  pine  belt  on  the  south  side,  but 

abundant  in  the  Upper  Chaparral. 
Ceanothus  divaricalus  Nutt.     Abundant  in  the  Upper  Chaparral  Belt,  from  which 

it  usually  extends  well  up  into  the  Lower  Transition  Zone.     (No.  1577.) 
Ceanolhus  cordidaius  Kell.     Very  common  in  the  Transition  Zone  on  the  north 

side  of  the  mountains,  COOO-S(X)0  ft.  alt.;  not  found  on  the  south  side  although 

it  reaches  the  dividing  ridge  crest.     (No.  1424.) 
Ceanothusgrcggii  Gray.    A  large  colony  under  the  pines,  C600  ft.  alt.,  in  North 

Fork  Lytle  Creek.     Lower  Transition  Zone.     A  common  Upper  Sonoran 

shrub  of  the  desert  bonlors.     (No.  1668.) 

STEKENLIACE^ 

Fremonlia  califbrnica  Torr.  Scarce  in  the  pine  belt  in  San  Antonio  Canon;  in 
Prairie  Fork  it  is  common  and  betomes  a  small  tree. 

MALV.\CE.B 

Malvastrum  Frcmonlii  Torr  var.  orbiculalum  (Greene)  Johnston,  comb,  nov.,  M. 
orbiculaium  Greene.  A  few  scattered  shrubs  were  found  on  the  broad  open 
gravelly  floor  of  Prairie  Fork,  Lower  Transition  Zone,  5000-6750  ft.  "Swart- 
out  Valley"  ace.  Abrams  (Bull.  N.  Y.  Bot.  Card.  6:  418,  1910). 

Our  plants  differ  from  M.  Fremontii  chiefly  in  their  less  densely  woolly 
calyces  and  in  their  shorter  bracts.  .1/.  Davidson! i  does  not  appear  di.stinct. 
(No.  1673.) 

VIOLACEiB 

Viola  purpurea  Kell.  var.  piaetorum  Greene.  A  common  and  widely  distributed 
plant  within  our  limits.  We  have  observed  it  from  4500  ft.  alt.  in  the  Upper 
Chaparral  Belt  up  to  9660  ft.,  in  the  Canadian  Zone,  on  Pine  IVIt.  Summit. 
Mrs.  Wilder  (No.  593)  obtained  specimens  on  the  summit  of  Baldy.  Usually 
growing  in  dry  ground  under  the  pines.     (Nos.  1281,  1760,  1734.) 

LOASACB-E 

Mentzelia  lavicualis  T.  &  G.  Dry  sandy  ground  on  both  sides  of  the  mountain. 
Very  abundant  in  both  Prairie  Fork  and  North  Fork  Lytle  Creek.  Col- 
lected also  in  the  Upper  Transition  Zone  at  8000  ft.  at  the  Old  Gold  Ridge 
Mine. 

Mentzelia  dispersa  Wats.  M.  pinetorum  Heller.  Frequent  in  dry  sunny  ground 
in  the  Transition  Zone.  It  was  found  most  abundantly  on  the  south  side  of 
the  mountain  where  it  was  also  collected  in  the  Upper  Chaparral  Bolt.  This 
determination,  as  in  tlie  following  Menzelias,  is  by  Mr.  Macbride.  (Nos. 
1602,  1694,  2090.) 

Menzelia  albicaulis  Dougl.  var.  Vealchiana  (Kell.)  Urb.  &  Gilg.  Frequent  along 
the  lower  edge  of  the  pine  belt.    Very  common  on  Brown's  Flats.     (No.  1755.) 
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Menzelia  congcsla  T.  &  C!.  var.  Daridsoniunti  ^Al)l■;uusi  Macbr.  But  a  single  col- 
ony of  this  was  soen.  It  grew  in  gravelly  ground,  in  the  lower  portion  of  the 
pine  belt,  alt.  5750  ft.  in  Coklwatcr  Fork  Lytic  Creek.     (Xo.  2059.) 

D.^TISCACK.*: 

Datisca  glomerala  (Presl)  B.  &  II.  Occasional  in  wet  ground  in  tlir  Lower  Transi- 
tion Zone.    More  common  at  lower  level.-;. 

(•.\CT.\(E.« 

Opunlia  occideiUalis  Engclm.  A  common  mesa  species  along  tlie  south  base  of 
the  mountains,  which  commonly  ascends  the  canons  and  becomes  frequent 
on  dry,  open,  sandy  canon  floors  in  the  Upper  Chaparral  Belt.  From  these 
situations  it  often  penetrates  a  short  distance  up  into  the  Lower  Transition 
Zone. 

Opunlia  basildiia  Engelni.  &  Bigel.  A  few  plants  growing  with  Pinus  tnonophylla 
at  about  6500  ft.  alt.  in  the  upper  part  of  North  Fork  Lytic  Creek.  Lower 
jiart  of  the  Transition  Zone. 

ONAGn.\(E.E 

Zauschntria  calij'oriiica  Presl,  var.  latifuliu  Hook.  Common  in  dry  ground  un- 
der the  pines,  especially  in  the  Upper  Transition  Zone.     tXo.  1586.) 

Cliamaenerion  angustifolium  Scop.  Locally  abundant  at  two  station  in  the  Upper 
Transition  Zone;  Coldwater  Fork  Lytle  Creek  at  7000  ft.  alt.  and  in  a  small 
side  canon  of  Prairie  Fork,  also  at  7000  ft .     (No.  13iM). ) 

Epilubium  glabeTrimuiH  Barbey.  Occasional  in  springy  ground,  apparently  con- 
fined to  the  Upper  Transition  Zone.     (No.  1600,  2075.) 

Epilobium  vrsinum  Parish.  The  common  Ejiilohium  of  the  Upper  Transition 
Zone.     Det.  S.  B.  Parish.     (No.  1664.) 

Epilohhim  paniculatum  Nutt.  .\  few  plants  in  dry  ground  at  the  Native  Son 
Mine. 

Gayophytum  ramosissimum  T.  &  G.  Very  common  in  dry.  open  ground  in  the 
Lower  Transition  Zone.     (Nos.  14^2,  1533.) 

(inyophylum  cacsnim  T.  &.  G.  Practically  confined  to  the  Ujjper  Transition  Zone 
on  the  north  side  of  the  mountains,  extending  over  to  the  south  side  only 
at  the  head  of  San  Antonio  Canon.     (No.  1695.) 

Clarkia  rhomhoidea  Dougl.  Dry  ground  in  the  lowest  jiarts  of  the  Transition 
Zone.    Very  common  at  the  mouth  of  Icehouse  Canon.     (No.  1404.) 

Onagra  Ilookeri  (T.  &  G.)  Small.  Frequent  in  dami)  ground  along  streams,  as- 
cending to  SOOO  ft.  alt.  in  the  Upper  Transition  Zone. 

SphacroMigmaconlorlum  (Dougl.)  walp.  O.-c  ision  il  in  dry  sandy  ground  about 
the  Native  Son  Mine.  ait.  ."000  ft. 

ARAIAMV.JE 

Aralia  calijornica  \Va(s.  Occasional  in  moist  shaded  places  in  the  Lower 
Transition  Zone.     Much  more  common  in  the  Upper  Chaparral  Belt. 
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UMBELLIFER^ 

Osmorhi^a  brachypoda  Torr.     A  foothill  species  which  ranges  a  short  distance  up 

into  the  pine  belt. 
Osmorhiza  7iuda  Torr.    We  know  it  only  from  a  marsh  in  a  small  side  canon  of 

Prairie  Fork,  alt.  7000  ft.,  Upper  Transition  Zone.     (No.  2084.) 
Deweija  argula  T.  &  G.     Lower  part  of  the  pine  belt  in  San  .\ntonio  Canon. 
Drudcophytum  Parishii  C.  &  R.     A  common  plant  in  dry  sunny  ground  in  the 

Upper  Chaparral  Belt  and  Lower  Transition  Zone.     (No.  1476.) 
Drudcophytum  vestitum   (Wats.)   C.  &  R.    Dry  rocky  ground  throughout  the 

Transition  and  Canadian  Zons.     Very  abundant  on  Baldy  Summit  where 

tlie  type  was  collected  by  Parish.     (Nos.  1260,  1467.) 
Lomatium  Parishii  C.  &  R.    Collected  by  Parish  on  "high  ridges  on  Old  Baldy 

Mountain,  San  Bernardino  County"  ace.  Coulter  and  Rose  (Contr.  Nat. 

Herb.  7:23.5,  1900).     Hall  (No.  1442)  found  the  plant  in  Coldwater  Fork, 

Lytle  Creek,  at  5500  ft.  alt.  where  it  grew  "in  dry  rocky  soil." 
Leptotenia  multifida  Nutt.     Frequent  in  rocky  ground  under  the  oaks  in  the  lower 

levels  of  the  Transition  Zone,  5200-5700  ft.  alt.,  in  Coldwater  Fork,  Lytle 

Creek.     (No.  2058.) 

CORNACB.E 

Garrya  Vcalchii  Kell.  var.  Palnuri  (Wats.)  Eastw.  Abundant  in  the  Upper 
Chaparral  Belt.  Occasional  shrubs  of  this  species  are  found  scattered 
through  the  Lower  Transition  Zone.  Usually  in  dry,  sunny  situations. 
(Nos.  1578,  1579,  1982.) 

PYROLACE.E 

Pyrola  pallida  Greene.     Common  on  moist  shaded  slopes  in  the  Transition  Zone. 

(Nos.  1478,  1585.) 
Chimaphila  Menziesii  Spreng.    Collected  but  once,  on  a  cool  moist  north  slope  in 

the  Upper  Transition  Zone,  alt.  7350  ft.  in  Icehouse  Canon.     We   consider 

the  plant  rare  but  it  is  "frequent  in  the  San  .\ntonio  Mts."  ace.  Abrams  Fl. 

Los.  Ang. 

MONOTROP.^CE.'B 

Pterospora  andromedea  Nutt.  A  rare  plant  of  the  Upper  Transition  Zone.  A 
single  plant  in  the  Canadian  Zone  on  Cucamonga  Peak  Summit.  It  is  most 
abundant  on  the  rich  moist  and  shaded  slopes  in  the  vicinity  of  Kellys 
Cabin.     (No.  1612.) 

Sarcodes  sanguinea  Torr.  Frequent  under  the  pines  in  the  Upper  Transition 
Zone.     (No.  1611.) 

ERICACE.B 

Arclosiaphyloa  Parryana  Lemmon.  Frequently  in  dry  ground  throughout  the 
Lower  Transition  Zone.     (Nos.  1575,  1576.) 
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Arcloslai/hyhs  palula  Greene.  Dry  ground  under  the  pines  in  the  upper  parts 
of  the  Transition  Zone  and  in  the  Canadian  Zone.  The  range  of  this  species 
coincides  almost  exactly  with  that  of  Castanopsis.     (Xos.  1540,  1580.) 

Arcloslaphylos  pungetis  H.  B.  K.  We  know  of  two  large  colonies  of  this  species 
in  the  San  Antonio  Mts.  both  of  which  extend  a  short  way  into  the  pine  belt. 
One  colony  is  on  the  Baldy  Trail  just  above  Bear  Flats, 5700-6500  ft.  alt.,  the 
other  colony  is  on  the  south  spur  of  Cucainonga  Peak  above  what  is  known  as 
Manzanita  Flats,  alt.  G200-6700  ft.  This  species  is  recognized  readily  by  its 
very  dark,  naahogany-colored  bark.     (No.  1468.) 

PRIMOL.^CE.B 

Dodecalhfon  Jeffreyi  Van  Houttc  var.  rcdolens  Hall.  One  of  the  interesting  dis- 
coveries in  a  small  marsh  which  is  located  in  a  side  caiion  of  Prairie  Fork. 
The  marsh  has  rather  a  steep  pitch,  and  as  a  result  there  are  several  well  de- 
fined drainage  channels  in  which  the  water  comes  nearer  to  the  surface  and 
the  dense  growth  of  fireweed  and  grasses  is  broken.  In  these  mossy,  water- 
saturated  lanes  this  Dodccatheon  grows.  With  it  are  Carcxaureacelsa,  C'.sub- 
fusca,  Jinwus  Mcrtciisiamif:,  Sisyrinchium  orcophilum  and  Trifulium  monan- 
Ihum  CJranlianum.  The  plant  was  devoid  of  any  odor.  The  mouth  of  the 
side  caiion  in  which  the  marsh  is  located  is  marked  by  a  large,  red,  U.  S.  F.  S. 
tool-box.  The  marsh  is  at  7000  ft.  alt.  in  the  Upper  Transition  Zone.  (Nos. 
1048,  2100.) 

(;e.ntian.\ce.b 

Frasera  neglecla  Hall.  The  type  of  this  species  was  collected  l>y  Dr.  Hall  (Xo. 
1495)  at  the  head  of  Swartout  Canon,  San  Antonio  Mts..  (i!K)()  ft.  alt. 

.\POCYXACE.K 

Apocynum  cannabhniin  L.     Occasional  in  moist  ground  in  the  Transition  Zone. 

(No.  1661.) 
Cydadenia  humilis  Benth.    Occasional  on  dry  exposed  slopes  on  all  the  peaks. 

Upper  Transition  and  the  lower  part  of  the  Canadian  Zone.     Reaching  its 

maximum  altitude  at  9000  ft.  (Devils  Backbone).     Always  found  in  small 

colonics.     (Nos.  1428,  1431,  1550.) 

.\SCLE1'IADACE« 

Aadepias  criucarpa  Benth.     A  few  plants  at  7000  ft.  alt.  on  a  dry  .sunny  canon 

side,  Upi>er  Transition  Zone,  in  San  Antonio  Canon. 
Asdcpias  califoniica  Greene.     Occasional  in  dry  grounil  under  tlie  pines  in  the 

Lower  Transition  Zone.     (No.  1266.) 

CUSCUTACE.E 

Cvscula  calijoinicu  C.'hoisy.  Not  uncommon  on  Krioijonum  and  ChrysothaniHus. 
Seen  as  high  as  SOOO  ft .     (No.  1680.) 
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I'OLEMONIACE.K 

PIiIoj:  Doiiylii.Ki;  Hook.     Suiuinit  of  Swartout  Canon,  GSOO  ft.  alt.     Hall  I5i9. 

Gilia  pungens  lienth.  var.  teiiiiiloba  (Parish)  Milliken.  Common  in  rock  crevices, 
ranging  from  the  lower  edge  of  the  Transition  through  the  Canadian  Zone  to 
Baldy  Summit.  Usually  grows  with  one  of  the  two  Heuchcra  species.  (Nos. 
120o,  IJll,  1418,  1621.) 

Gilia  lalifiora  Gray  var.  exilis  Gray.  An  abundant  species  on  dry  open  pine-clad 
slopes  in  the  Transition  Zone.     (Nos.  1265,  1547.) 

Gilia  tctiuiflora  Bcnth.  var.  altissima  Parish.  A  common  species  in  the  chaparral 
belt  which  ascends  a  short  distance  into  the  Transition  Zone.     (No.  1743.) 

Gilia  densifolia  Benth.  Very  common  in  dry  rocky  ground  in  the  Lower  Transi- 
tion Zone.     (Xos.  1385,  1459,  1587). 

Liunnlhus  ciliatus  (Benth.)  Greene.  Frequent  in  dry  rocky  ground  in  the  Lower 
Transition  Zone. 

Linanthus  concinnus  MilWkcn.  Dry  rocky  ground  in  the  Lower  Transition  Zone, 
alt.  5700  ft.,  in  Icehouse  CaiSon.  In  crevices  of  granite  on  the  west  end  of 
Ontario  Peak,  alt.  5000  ft.  The  type  of  the  species  was  collected  by  Hall 
■'on  the  trail  to  Mt.  San  Antonio,  alt.  6100  ft.'"  (Bot.  Gaz.  31:389,  1901.) 
i\o.  12S4.1 

HYDROPHYLLACE.E 

Phacelia  cunipcs  Torr.  Frequent  in  dry  ground  in  the  Transition  Zone.  Seen 
in  the  Canadian  Zone  at  9000  ft.  alt.  on  the  Devils  Backbone  and  on  Tele- 
graph Peak  Summit.     (Nos.  1414,  1592,  1603.) 

Pliuceha  curvipes  Torr.  var.  pratensis.  All  my  collections  were  of  the  small  flow- 
ered typical  plant  but  Dr.  Hall  collected  in  Swartout  Valley  the  large  flowered 
form  that  is  referred  to  this  variety  by  Brand  (Pflanzenr.  IV,  251  :  llo 
(1913). 

Phacelia  hispida  Gray.    Under  the  pines  at  6000  ft.  alt.  in  San  Antonio  Canon. 

PhaceliaramosissimaHougl.  var.  suffrutesccns  Parry.  Locally  abundant  on  the 
broad,  open  canon  floor  of  Prairie  Fork,  6500-7000  ft.  alt..  Lower  Transition 
Zone.     (No.  2091.) 

Phacelia  longipcK  Torr.  Frequent  throughout  the  Transition  Zone  but  especially 
abundant  in  the  lower  part  of  Icehouse  Canon.     (Nos.  1285,  1535.) 

Phacelia  mohavensis  Gray.  Swartout  Valley  at  6000  ft.  alt.  Hall  1601.  Det.  by 
Brand. 

Phacelia  mohavemia  Gray  var.  exilis  Gray.  North  side  of  the  San  Antonio  Mts . 
Hall  1260  ucc.  Brand  (Pflanzenr.  IV.  251  :123  (1913) 

Phacelia  Davidsunii  Gray.  Occasional  in  dry  ground  in  the  Lower  Transition 
Zone.     (Nos.  1264,  2034.) 

Phacelia  Datndsonii  Gray.  Form  macranlha  (Parish)  Johnston,  comb.  nov. 
P.  DavidJionii  Gray.  var.  macranlha  Parish.  We  did  not  see  any  plants 
that  were  referable  to  this  large  flowered  form  but  according  to  Brand 
(Pflanzenr.  iv.  251  ;116  (1916))  Dr.  Hall  collected  it  in  our  limits. 

The  plant  concerned  here  differs  from  typical  P.  Davidsonii  only  in  its 
large  flowers  (15-22' mm.  wide).  As  there  appears  to  be  no  relation  of 
distribution  with  the  occurrence  of  this  variation  and  since  a  very  com- 
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plete   gradation   exists  between  the  extremely  large  and  extremely  small 
flowered  plants  we  have  thought  it  best  to  treat  this  plant  as  a  "form." 

Phacelia  Fremuntii  Torr.  P.  Hallii  Brand.  Collected  by  Dr.  Hall  as  high  as 
7000  ft.  alt.  on  the  north  side  of  the  mountain. 

The  type  of  P.  Hallii  came  from  6700  ft.  alt.  on  the  north  side  of  the 
mountain.  The  slightly  .smaller  flowers  are  the  only  difference  that  I  can 
detect  between  specimens  of  the  type  collection  (Hall  1264)  and  other  col- 
lections from  Swartout  Valley  (Hall  1494)  that  Brand  h:\s  i)assed  as  P. 
Fremontii.  I  have  also  seen  a  collection  referable  to  P.  Hallii  from  7000 
ft.  alt.  (Hall  m). 

Eriodiclyon  trichocalijx  Heller.  Dry  sunny  open  slopes  up  to  an  altitude  of  9000 
ft.     Usually  associated  with  Phamnus  californicus.     (No.  1574.) 

Turricula  Parryi  (Gray)  Macbr.  A  few  scattered  colonies  were  found  in  sunny 
rocky  ground  in  the  Transition  Zone.  On  the  south  side  of  the  mountain  it 
is  more  common  and  reaches  greater  size  in  the  Upper  Chaparral  Belt.  (No. 
1564.) 

BORAGINACE.E 

Cryptantha  ambigua  (Gray)  Greene..  Frequent  in  dry,  sunny  ground  throughout 
the  Transition  Zone,  alt.  5000-8200  ft.  Det.  by  Mr.  J.  F.  Macbride.  (Nos. 
1620,2035,2057,2071.) 

Cryptantha  miiricata  (H.  &  A.)  Nels.  &  Macbr.  Frequent  in  dry  ground,  mainly 
in  the  Transition  Zone.  A  reduced  form  with  stems  averaging  under  6  mm. 
high  was  found  on  Telegraph  Peak  Summit,  alt.  9000  ft.     (Nos.  1542,  1598.) 

Cryptantha  muricuta  (H.  &  A.)  Nels.  &  Macbr.  var.  Jonexii  (Gray)  Johnston, 
comb.  nov.  Krynitzkia  Jonesii  Gray.  Most  abundant  in  the  chaparral  belt 
but  occasionally  found  under  the  pines  in  the  Lower  Transition  Zone. 

In  its  typical  form  this  plant  is  separated  from  the  last  by  its  somewhat 
larger  flowers  and  strict  habit  of  growth.  Numerous  intermediate  stages 
exist  between  these  two  extremes  and  so  we  have  assigned  Jonesii  to  varietal 
rank.     (Nos.  2073,  2077.) 

VERBEN.VCEA3 

Verbena  prostrata  R.  Br.  Frequent  in  dry  sunny  ground  in  the  Lower  Transition 
Zone.  Locally  abundant  in  springy  ground,  8000  ft.  alt.  in  the  Upper 
Transition  Zone  at  the  Old  Gold  Ridge  Mine.     (Nos.  1407,  1008.) 

L.\BIAT.\E 

Pycnanlhemum  californicum  Torr.    Moist  ground  in  the  lower  ])art  of  the  pine 

belt;  common  in  the  chaparral  belt.     (No.  1715.) 
Monardella  cincrea  Abrams.    Known  only  from  the  San  Antonio  Mountains, 

where  it  is  found  in  scattered  stations  in  the  Canadian  and  Transition  Zones, 

invariably  growing  in  rocky  situations.     A  ledge  of  rock,  well  shattered  by 

the  elements,  is  its  favorite  location. 
The  type  station  is  "near  the  summit  of  Mt.  San  Antonio."    The  plant  is 

most  abundant  on  the  very  rocky,  gentle  south  slope  of  Littlr  Haldy,  (ana- 
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dian  Zone  at  9500  f t .,  and  no  doubt  the  type  was  collected  there.  The  species 
does  not  grow  on  Baldy  Summit  for  it  reaches  its  upper  limits  at  about  9700 
ft.  alt.  The  lowest  station  noted  for  the  plant  was  at  GOOOft.  alt.  on  the  Baldy 
Trail  just  above  Bear  Flats  where  it  grows  on  the  border  line  between  the 
chaparral  and  pine  belt.  At  thi.s  low  station  the  plant  was  in  flower  during 
the  first  of  July  while  on  Little  Baldy  it  was  not  in  full  bloom  till  the  last  of 
August.     (Nos.  1261,  1420,  1421,  1422,  1449,  1549,  1571,  1693.) 

Monardclla  linoides  Gray  var.  ulricln  Parish.  This  was  collected  in  Swartout 
Valley  between  6000  and  S(X)0  ft.  alt.  at  various  times  by  Dr.  Hall. 

Salfia  apiana  Jcps.  An  occasional  entrant  into  the  pine  belt.  Seen  as  high  as 
8000  ft.  alt.  An  al)undaut  species  on  the  mesas  along  the  south  base  of  the 
mountains. 

Scutellaria  angnMifolium  Pursh.  Collected  liy  Dr.  Hall  (No.  1251.)  on  the 
north  base  of  the  mountain  at  .")600  ft.  alt. 

Siachys  albcns  Gray.  Occasional  in  moist  ground  in  the  Lower  Transition  Zone. 
In  the  Upper  Transition  Zone,  alt.  8000  ft.,  at  the  Old  Gold  Ridge  Mine. 
(No.  1604.) 

SOL.\N.\CE.B 

Nicoliana BigeloviiWats.     A  few  plants  along  the  trail  at  .5400  ft.  alt.  in  Icehouse 

Cafion. 
Solarium  Xanlii  Gray.     Frequent  in  shaded  ground  in  the  Lower  Transition  Zone. 

SCRQPHDLARIACE.E 

Colliusia  Childii  Parry.  Locally  abundant  on  moist,  cool,  shaded  canon-sides  at 
4500  ft.  alt.  in  Cascade  Canon.     Lower  Transition  Zone.     (No.  1282.) 

Collinsia  callosa  Parish.  The  type  of  this  species  was  collected  by  Hall  in  Swart- 
out Valley.  Dr.  Hall  collected  other  specimens  at  6500  ft.  alt.  in  Lylle 
Creek. 

This  species  may  be  only  a  coarse  xerophytic  form  of  the  last  species.  It 
differs  from  Childii  in  being  stouter,  lower  and  in  having  shorter,  stifTer 
and  more  widely  spread  branches.  Its  leaves  are  shorter,  broader,  thicker  in 
texture  and  nearly  sessile.  The  calyx  is  twice  as  broad,  square  at  the  base, 
and  with  thick,  nearly  deltoid  calyx  lobes  which  have  barely  apparent  mid- 
ribs. These  characters  coupled  with  its  general  distribution,  which  consists 
of  the  desert  slope  of  the  San  Antonio  Mts.  and  the  various  small  mountains 
of  the  Majove  Desert,  would  make  the  aforementioned  relationship  to  C. 
Childii  at  least  plausible. 

Collinsia  Torreyi  Gray  var.  Wrightii  (Wats.)  Johnston,  comb.  uov.  C.  Wrighlii 
Wats.  C.  moniicola  Davids.  Colonies  of  this  plant  are  frequent  under 
the  pines  in  the  upper  part  of  the  Transition  Zone  and  in  the  Canadian  Zone. 
Its  range  seams  to  coincide  with  that  of  Caslanopsis-  Tue  highest  station 
that  we  know  for  this  interesting  little  plant  is  at  8700  ft.  alt.  on  the  saddle 
between  Baldy  and  Pino  Mt.,  but  Davidson  cites  under  his  species  a  col- 
lection by  Mr.  Burlew  from  Baldy  Summit.  Wc  have  seen  a  collection  by 
Dr.  Hall  (No.  1239)  from  near  the  summit  of  Baldy  at  9700  ft.  alt.     The  plant 
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is  exceedingly  abundant  under  the  pines  in  the  vicinity  of  Kellys  Cabin, 
SOOO-8500  ft.  alt.,  where  it  colors  the  ground  in  the  openings  between  the 
nianzanita  and  chinquapin  bushes. 

C.  mouticola  was  based  on  collections  made  by  Dr.  Hall  at  (iSOO  ft.  ah.  in 
Swartout  Valley.  This  species,  however,  is  an  exact  duplicate  of  Sierran 
C.  Wrightii.  The  only  character  which  distinguishes  Wrighlii  from  C.  Torreyi 
is  its  smaller  sized  corolla.  This  character,  while  apparently  constant,  is, 
in  our  mind,  not  sufficient  to  warrant  the  separation  of  these  two  very  closely 
related  forms.  (No.  1551.) 
Mimulus  glviinosus  (Nutt.)  Wendl.  var.  brachypus  Gray.  Occasional  in  dry, 
sunny,  rocky  places  along  the  lower  edge  of  the  pine  belt.  A  large  colony  was 
found  on  a  dry  sunny  slope  at  7500  ft.  alt.  in  the  lower  part  of  the  Upper 
Transition  Zone  in  North  Fork  San  Antonio  Canon.  (No.  1607.) 
Mimulus  Palmeri  Gray.     Collected  by  Dr.  Hall.     (No.  1449.)  at  5800  ft.  alt.  in 

Lytic  Creek  Canon. 
Mimulus  Fremontii.    Lytle  Creek  Canon,  alt.  6000  ft.    Hall  ISiS. 
Mimulus  sp.     A  small  red  Mimulus  {Eunanus)  is  common  in  dry  ground  unilor 
the  pines.     It  extends  from  the  lower  edge  of  the  pine  belt  up  to  9700  ft.  alt. 
in  the  Canadian  Zone  on  Little  Baldy. 

Its  nearest  relative  appears  to  be  .1/.  Fremuntii  but  it  lias  smaller  flowers 
and  has  a  single,  erect,  pubescent  nuich  coarser  stem  which  is  evenly  branched 
from  base  to  summit  and  not  restricted  to  basal  branching  as  is  the  more 
slender  stemmed  Fremontii.  Its  calyx  is  less  distinctly  angled,  apparently 
shorter  and  much  less  constricted  at  its  mouth.  The  leaves  are  much  more 
numerous,  thicker,  broader  and  decidedly  pubescent.     (Nos.  1486,  1524. ,i 

Mimulus  florihundus  Dougl.  Frequent  in  moist  ground.  Seen  at  7000  ft.  alt.  in 
Coldwatcr  Fork  Lytle  Creek. 

Mimulus  rubellus  Gray.  A  few  plants  in  moist  ground  at  6500  ft.  alt.  in  Middle 
Fork  Lytle  Creek.  Specimens  too  poor  for  positive  determination.  Plenti- 
ful collections  of  this  species  were  made,  howeyer,  by  Dr.  Hall  (No.  1458) 
at  6000  ft.  alt.  in  "Lytle  Creek  Caiion."     (No.  1618.) 

Mimulus  micTophyllus  Benth.  A  small  depauperate  form  of  apparently  this 
species  is  quite  common  in  the  springy  ground  at  the  Old  Gold  Ridge  Mine, 
Upper  Transition,  alt.  8000  ft.     (No.  I'm.) 

Mimulus  cardinalis  Dougl.  Common  in  moist  ground  throughout  the  Transition 
Zone.     (No.  1524.) 

Pentstemon  labrosus  Hook.  Common  under  the  jiincs  in  the  Transition  Zone. 
(Nos.  1460.  1401,  1557.) 

Pentstemon  Palmeri  Gray.  Frequent  under  the  pines  in  the  Transition  Zone. 
Seen  in  the  Canadian  Zone,  alt.  9000  ft.  on  the  Devils  Backbone.  It  extends 
some  distance  down  into  the  Upper  Chaparral  Belt  where  it  is  common  at 
3500  ft.  alt.  on  Hog  Back.     (No.  1526.) 

Pentstemon  ternatus  Torr.  Most  common  in  the  Upper  Chaparral  Belt,  but  not 
uncommon  in  the  lower  part  of  the  pine  belt.     (No.  1676.) 

Pentstemon  cenlrnnthifolius  Benth.  Common  on  the  broad  sandy  floor  of  Prairie 
Fork,  ascending  the  cafion  to  over  6000  ft.  alt. 

Castillcja  miniata  Dougl.  Springy  ground  in  the  Upper  Transition  Zone. 
Not  uncommon  on  the  north  side  of  the  mountain,  but  on  the  south  slope  it 
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is  known  only  from  S(HH)  ft.  alt.  at  the  Old  Gold  Ridge  Mine.  The  liighest 
we  collected  the  plant  was  at  8750  alt.  on  the  saddle  between  Baldy  and  Pine 
Mountain.     (No.  1380,  1527.) 

Castilleja  Martini  Ahranis  (?)  Here  we  doubtfully  place  the  common  Caslilleja 
which  grows  in  dry,  sunny  ground  in  the  Transition  Zone.     (Nos.  1383, 1700.) 

Cordylanthus  Net'inii  Gray.  Not  uneommon  under  the  pines  in  the  Upper  Tran- 
sition Zone.     (No.  1662.) 

Cordylanthus  rigidits  (Benth.)  Jeps.  var.  filifolius  (Nutt.)  Macbride.  Common 
in  dry  ground  below  (5500  ft.  alt.     (No.  1675.) 

Pedictilaris  semiharbatd  Gray.  Moist  shaded  groimd  under  the  pines,  especially 
in  the  upper  part  of  the  Transition  and  lower  part  of  the  Canadian  Zone.  In 
the  upper  jjart  of  Irehouse  Canon,  alt.  8000-8250  ft.,  the  plant  is  very  abun- 
dant, nearly  carpeting  the  ground  with  its  fern-like  foliage.  Collected  in  the 
Lower  Transition  Zone  at  6000  ft.  alt.  in  South  Fork  Lytle  Creek  and  at  7000 
ft.  alt.  at  the  Baldy  Lookout.  The  maximum  altitude  seen  was  8700  ft.,  at 
that  altitude  it  was  collected  on  the  east  slope  of  Baldy.     (Nos.  1274,  1455.) 

OROBAXCHACK.B 

Orobanche  californicuin  C.  &  S.  On  Eriodiclyon  at  9000  ft.  alt.  in  the  Upper  Tran- 
sition Zone  on  the  Devils  Backbone.     (No.  1762.) 

Tkalesia  fasciculata  (Nutt.)  Britton.  Frequent  on  Eriodiclyon,  ascending  to 
9000  ft.  alt.     (No.  1556.) 

Bochniakia  xtrobilacea  Gray.  Common  in  the  chinquapin  belt  in  all  parts  of  the 
mountain.  It  is  almost  unbelievable  to  us  that  this  plant  has  been  consid- 
ered a  rarity.  On  every  trip,  which  we  made  into  the  mountains  above  8000 
ft.,  we  have  seen  literally  hundreds  of  plants.  It  was  most  abundant  on  the 
.south  slope  of  Telegraph  Peak,  for  there  the  plants  grew  in  dense  clusters  of 
thirty  or  more  individuals.  These  dense  masses  of  plants,  due  to  their  growth, 
caused  the  upheaval  of  numerous  small  areas,  the  majority  of  which  were  a 
meter  in  diameter.  The  condition  on  Telegraph  Peak,  however,  was  not  typ- 
ical of  the  rest  of  the  mountain.  In  most  parts  of  the  mountain  the  plants 
grew  singly  and  were  freely  scattered  over  the  area  which  the  colony  occupied. 
The  favorite  host  appears  to  be  Arctoslaphylos  palula.  At  650O  ft.  alt.  on 
the  south  slope  of  Baldy  it  was  collected  on  A.  Parryana  while  at  5200  ft.  alt. 
in  the  Upper  Chaparral  Belt  on  the  south  spur  of  Cucamonga  a  few  plants 
were  noted  on  A .  lomentosus.  The  most  pecidiar  thing  noted  about  the  plant 
was  that  only  those  flowers  which  remained  underground,  two  thirds  of  the 
inflorescence  doing  .so,  matured  their  fruit.  The  part  of  the  inflorescence 
which  projects  above  ground  is  infertile  and  has  a  resemblance  to  a  tama 
rack  pine  cone.     (Nos.  1432,  1449,  15.54,  1555.) 

UVUIAVKM 

Galium  muUiJlorum  Kell.  var.  panifalium  Parish.  Common  among  the  rocks  on 
Baldy  above  !KX)0  ft.  alt.  A  single  plant  was  collected  at  7750  ft..  Upper 
Transition  Zone,  at  the  Old  Hydraulic  Mine.  This  single  plant  was  the  only 
one  seen  outside  of  the  Canadian  Zone.     (Nos.  1398,  1691,  1698.) 
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Galium  Apariyic  L.  Moist  shaded  ground  in  the  lower  portions  of  the  Transition 
Zone. 

Galium  siccalum  Wight.  (?)  We  very  doubtfully  place  here  the  common  Galium 
of  the  pine  belt.  The  plant  is  very  common  in  dry  rocky  ground  throughout 
the  Transition  Zone,  reaching  its  maximum  elevation  at  8700  ft.  alt.  on  On- 
tario Peak  Summit. 

Our  plant  is  not  '"suffrutescent"  nor  is  it  "branched  and  bushy."  It  is 
a  tufted  perennial  with  the  low  (under  two  decimeters  in  height),  erect,  her- 
baceous stems  unbranched.  The  other  characters  of  the  plant  agree  very 
well  with  G.  siccalum  as  described,  but  its  reference  to  this  species  is,  how- 
ever, very  unsatisfactory,  in  recent  years  this  same  plant  has  been  referred 
to  G.  multiflorum  Kell.     (Nos.  1262,  1591,  1615.) 

Galium  angustifolium  Nutt.  A  very  interesting  form  of  this  species  is  common  in 
the  lower  portion  of  the  pine  belt  and  higher  parts  of  the  chaparral  belt  on 
the  south  side  of  Cucamonga  and  Ontario  Peaks.  Due,  no  doubt,  to  the  ef- 
fects of  frost  the  plants  have  developed  a  base  of  the  slender  woody  stems. 
From  this  base  the  annual  growth  of  unbranched  stems  arise  two  or  three 
decimeters.  This  habit  of  growth  is  very  different  from  the  taller  and  very 
bushy  plant  of  the  mesas  at  the  foot  of  the  mountain.  We  have  observed  this 
low  form  only  between  5000  and  7000  ft.  alt.     (No.  1483.) 

Galium  sp.  An  undcscribed  species  of  the  G.  muUifiorum  group  is  locally  abun- 
dant in  gravelly  ground,  5000-5700  ft.  alt.,  at  the  lower  edge  of  the  pine  belt 
in  Coldwater  Fork  Lytle  Creek.  It  was  collected  at  this  same  station  by  Dr. 
Hall.     (No.  1227). 

The  plant  is  characterized  by  its  long  reclining  woody  stems,  its  peculiar 
light  color,  the  very  harsh  scabrous  pubescence,  the  large  semibaccate, 
densely  hirsute  fruit  and  especially  by  its  short  lateral  branches  that  bear 
only  a  few  flowers  on  their  drooping  tips.     (Nos.  1667,  2067.) 

C.\PBIFOLI.\CE^ 

Sambucus  glauca  Nutt.  var.  vclulina  (D.  &  H.)  Johnston,  comb.  nov.  (5.  velutina 
D.  &  H.)     Frequent  in  moist  ground  in  the  Upper  Transition  Zone. 

S.velutina  was  originally  described  as  having  pubescent  leaves.  Our  plants 
of  it,  however,  are  very  variable  in  respect  to  pubescence.  We  have  noted 
all  gradiations  between  forms  with  a  dense  soft  short  pubescence  and  forms 
entirely  glabrous,  the  latter  state  being  far  the  more  common.  The  cymes  of 
our  plant  are  very  large,  being  2-2.5  dm.  wide.  This  fact,  coupled  with  the 
shrubby  growth  and  larger  leaves,  serves  very  well  to  distinguish  this  variety 
from  the  species.  The  fruit  has  a  very  decided  bloom,  thus  making  it  impos- 
sible to  refer  our  plant  to  that  uncertain  s\)ccics,  S.  mexicaiiaViesl.  (Nos. 
1537,  1549.) 

Sytnphoricarpiis  I'arishii  Rydb.  Locally  abundant  in  scattered  stations.  The 
stations  arc  as  follows,  Coldwater  Fork  Lytle  Creek,  Upper  Transition  Zone, 
alt.  7000  ft.,  in  .springy  ground  with  Salix  Jlavcsccns  and  Prunus  d^imissa. 
South  Fork  Lytle  Creek,  Lower  Transition  Zone,  alt .  6000  ft.  as  a  weak  pros- 
trate shrub  under  the  i)incs  with  I'l/rula  and  Slrii>l,iiitliux.  Soutli  spur  of 
Cucamonga   I'i'ak,  all .  S(MI1I  fl.  ami  cm  the  \vo<l  en. I  of  Ontario  Peak,  alt.  7000 
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ft.  in  dry,  sunny,  rocky  situations  in  the  Upper  Transition  Zone  with  Eri- 
ogonum  fascicitlalum  potiafoUum  and  Gilia  pungcns  tcnuiloba.  West  spur  of 
Baldy,  Canadian  Zone,  alt.  9000  ft.,  in  dry  rocky  ground  on  a  sunny  ridge 
with  Eriugunum  micrullwcum  and  Ceanolhus  cordulalus.  Swartout  Valley, 
alt.  6500  ft.  ace.  Abrams  (Bull.  N.  Y.  Hot.  Gard.  6:  457,  1910).  (Nos.  13S9, 
1472,  1727.) 

Lonicera  suhspicala  H.  &  A.  A  foothill  species  which  reaches  G500  ft.  alt.  in  the 
Lower  Transition  Zone. 

Lonicera  interrupta  Benth.  Occasional  along  the  lower  border  of  the  Transition 
Zone  in  Prairie  Fork.     Reaching  5000  ft.  alt.     (No.  1713.) 

COMPOSIT.B 

Brickellia  californica  Gray.  Frequent  in  dry  sunny  ground  throughout  the  Tran- 
sition Zone.     Reaching  SOOO  ft.  alt.     (Nos.  15.36,  1642.) 

Brickellia  microphijlla  Gray.  Frequent  in  gravelly  ground  in  San  Antonio  Canon 
and  in  North  Fork  Lytic  Creek. .  A  Lower  Transition  plant  which  occa- 
sionally descends  into  the  Upper  Chaparral  Belt  as  at  Camp  Baldy,  alt.  4500 
ft.  The  maximum  altitude  noted  was  6500  ft.  Det.  B.  L.  Robinson.  (No. 
1643.) 

Chrysopsis  villosa  (Pursh)  Nutt.  war.  fastigiata  (Greene)  Hall.  Common  in  dry 
ground  in  the  Lower  Transition  Zone.     (No.  1701.) 

Solidago  confinis  Gray.  Wet  ground  at  the  Native  Son  Mine,  alt.  5000  ft.  Lower 
Transition  Zone.     (No.  1674.) 

Solidago  californica  Nutt.  Common  under  the  pines  in  slightly  moist  places. 
Transition  and  Upper  Sonoran  Zones.     (Nos.  1697,  1710.) 

Ericameria  cancata  (Gray)  McClatchie  var.  spathulata  (Gray)  Hall.  Seen  in  the 
pine  belt  at  three  stations.  At  6500  ft.  alt.  at  San  Antonio  Canon  Falls,  at 
6750  ft.  alt.  in  Middle  Fork  Lytle  Creek  and  at  7000  ft.  alt.  on  the  west  end 
of  Ontario  Peak.  Very  common  on  rock  ledges  in  the  Upper  Chaparral  Belt. 
(No.  1596.) 

Chrysolhamnus  nauseosus  (Pall.)  Britt.  vars.  This  genus  is  in  the  process  of 
revision  and  so  no  attempts  will  be  made  to  give  varietal  determinations. 
The  common  form  of  this  species  is  abundant  in  dry  sunny  ground  in  the 
Transition  Zone  on  the  north  side  of  the  mountain.  On  the  south  side 
shrubs  of  this  species  are  infrequent  and  are  usually  found  in  the  washes  at 
the  lower  edge  of  the  pine  belt.  Another  form  of  7iauseosus  represented  by 
my  No.  1652  was  found  growing  with  the  last  form  on  a  dry  sunny  ridge-crest 
in  the  Transition  Zone,  alt.  8000  ft.,  on  Pine  Mt.  Ridge.  It  is  distinguished 
from  the  last  form  by  its  long,  slender  erect  stems  that  are  abundantly  to- 
mentose  and  by  the  very  loose  inflorescence.     (Nos.  1652,  1653,  1706.) 

Chrysolhamnus  vicidiflorus  (Hook.)  Nutt.  var.  lorlifolius  (Gray)  Hall.     "Mt.  San 

Antonio"  ace.  Abrams  (Fl.  Los.  Ang.  366,  1917). 
Corelhrogyne  JUaginifutia  (H.  &  A.)  Nutt  var.  pinelorum  Johnston.     Frequent  in 
dry  ground  under  the  pines  in  the  Lower  Transition  Zone.     Frequent  on  open 
slopes  in  the  Upper  Chaparral  Belt  especially  in  the  region  of  Sunset  Peak. 
(No.  IfrH.) 
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Asler  canescens  Pursh.  A  tlijcoid  foim.  wliich  has  also  been  collected  in  Swar- 
tout  Valley,  (Ceo.  R.  IImII,  Sept.  1904),  is  very  common  in  dry  rocky  ground 
under  the  pines,  6000-7000  ft.  alt.,  in  Prairie  Fork.     (No.  1647.) 

Aster  Memiesii  Lindl.  A  large  colony  in  Prairie  Fork  about  a  quarter  mile  below 
the  Native  Son  Mine.  The  plant  grew  on  a  sunny  but  moist  bank  covering 
it  to  the  exclusion  of  all  other  plants.  Lower  edge  of  tlie  Transition  Zone, 
alt.  5000  ft.     (No.  1640.) 

Erigeron  jacinteus  Hall.  Several  small  colonies  were  found  growing  among  the 
loose  rocks  on  the  exposed  summit  of  Little  Baldy.  Canadian  Zone,  alt. 
9550  ft. 

This  is  a  very  well  marked  species  and  is  quite  distinct  from  Leucelenc  cri- 
coides  to  which  it  was  reduced  by  its  author  (Univ.  Cal.  Pub.  Bot.3:86, 1907). 
It  is  separated  from  all  forms  of  that  variable  species  by  its  larger  hemi- 
spheric heads,  by  its  darker  and  not  scarious  margined  involucre-bracts  and 
by  its  decidedly  broader  spathulate  leaves.  The  whole  plant  is  cincrous 
with  coarse,  nearly  hispid,  hairs  and  is  composed  of  rather  few,  long,  loosely 
spreading  stems.  The  disk  flowers  are  more  numerous  and  darker  in  color. 
The  plant  has  the  oblong,  obtuse  style-branches  that  characterize  both 
Leucelene  and  Erigeron;  the  general  appearance  of  the  plant,  however,  is 
very  decidedly  that  of  the  latter  genus. 

This  species  has  been  collected  only  in  the  San  Jacinto  Mts.,  the  type 
region,  and  in  the  San  Antonio  Mts,  Leucelenc  ei-icoidcs  is  known  from  Cal- 
ifornia only  by  a  collection  made  in  the  Providence  Mountains  on  May  30, 
1902  by  Mr.  Brandogee.     (No.  2082.) 

Erigeron  Joliosius  Nutt.  var.  stenophyllus  (Nutt.)  Gray.  Frequent  in  dry  sunny 
ground  throughout  the  Transition  Zone.  On  the  upper  edge  of  the  Transi- 
tion Zone  at  9500  ft .  alt .  on  Pine  Mt.     (No.  1682.) 

Erigeron  divergens  T.  &  (i.  .\  single  plant  growing  in  wet  ground  at  the  Native 
Son  Mine.  Collected  by  Hall  in  Swartout  Valley  (Univ.  Cal.  Publ.  Bot.  3: 
93,  1907.)     (No.  1708.) 

Antennaria  dimorpha  (Nutt.)  T.  &  G.  A  huge  colony  in  very  dry  rocky  ground 
along  the  trail  in  Coldwater  Fork  Lytle  Creek,  alt.  6250  ft.,  Lower  Transition 
Zone.     (No.  2060.) 

Gnaphalium  microccphalum  Nutt.  Occasional  in  dry  sunny  situations  in  the 
Transition  Zone.     (No.  1698.) 

Gnaphalium  chilensc  Spreng.    Wet  ground  at  the  Native  Son  Mine. 

Helianthus  gracilenlus  Gray.  Frequently  found  under  the  pines  in  the  lower 
portions  of  the  Transition  Zone.     Reaching 6000  ft.  alt.     (No.  1457.) 

Jlemizonia  Whee.leri  Gray.  Abundant  under  the  pines  at  6000  ft.  alt.  in  South 
Fork  Lytle  Creek.     Lower  Transition  Zone.     (No.  1475.) 

Eriophyllum  confertijloriini  (DC.)  Gray  var.  Irifidum  (Nutt.)  Gray.  Frequent 
under  the  pines,  mostly  in  the  Lower  Transition  Zone.  Not  detected  in  the 
San  Antonio  Cafion  watershed,  where  it  is  replaced  by  the  next  variety. 
(No.  1452.) 

Eriophyllum  confertijlorum  (DC.)  Gray  var.  discoidciim  Greene.  Noted  only  in 
the  San  Antonio  Cafion  watershed  where  it  is  common  in  dry  ground  under 
Iho  pines  in  the  Transition  Zone,  ranging  from  .■)00()  SOOO  ft.  alt. 
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Though  usually  the  rays  arc  absent,  plants  arc  not  uncoranionly  found 
whi'h  arc  wliolly  or  partially  radiate.  These  radiate  forms  are  easily  sepa- 
rated from  the  var.  trifidum  by  their  robusluess  and  by  their  much  broader 
heads.    (No.  1405.) 

Chaenactis  santolinoidcs  Greene.  Frequent  in  dry  ground  under  the  pines  in 
the  Lower  Transition  Zone.     (No.  1489.) 

Hulsea  hcterochroma  Gray.  Seen  twice,  both  stations  being  in  the  watershed  of 
Middle  Fork  Lytle  Creek.  Cucamonga  Peak  (Kellys  Mine)  alt.  8000  ft.  and 
in  the  Middle  Fork  at  ()7.")0  ft .  alt.  At  the  first  station  there  was  a  very  large 
colony  but  at  the  other  station  only  a  few  plants.     (Nos.  1.5G7,  llilO.) 

Helenium  Bigelovii  Gray.  \evy  common  in  springy  ground  in  the  Transition 
Zone.     (No.  1525.) 

Artemisia  draitcunculoidcs  Pursh.  Occasional  in  dry  round  in  thf  Transition 
Zone.     (No.  1660.) 

Artemisia  hetcrophyllus  Nutt.  Frequent  in  wet  ground  in  the  Lower  Transition 
Zone.    Much  commoner  at  lower  levels. 

Artemisia  tridcntata  Nutt.  Very  common  in  dry  ground  in  the  Lower  Transition 
Zone  on  the  north  side  of  the  mountain,  but  not  known  to  occur  on  the  south 
side.    Noted  at  ^000  ft.  alt. 

Artemisia  Ludoviciana  Nutt.  Common  in  Prairie  Fork  and  on  the  ridges  sur- 
rounding it,  also  in  the  higher  part  of  North  Fork  Lytle  Creek.  Dry  ground 
under  the  pines  throughout  the  Transition  Zone,  alt.  6000-S500  ft. 

Very  variable  in  pubescence  and  in  habit.  Some  plants  are  permanently 
tomentose  above,  although  much  less  so  than  below,  while  other  plants  are 
glabrate  above.  All  our  plants,  however,  agree  in  having  the  leaves  pin- 
nately  cleft  into  narrow  lobes.  Dr.  Rydberg  has  determined  our  No.  1651  as 
A.  di'versifoUa  Rydb.     (No.  1651.) 

Lepidospartitm  squamatum  Gray.  Occasionally  found  in  the  lower  i)ortions  of  the 
Transition  Zone,  usually  <;jry  sandy  canon  beds.     (No.  1717.) 

Tetradymia  cancscens  DC.  Quite  common  throughout  the  Transition  Zone  on 
the  north  side  of  the  mountain.  Two  plants  were  noted  on  the  south  spur 
of  Telegraph  Peak,  the  only  noted  station  on  the  south  side.  Several  shrub.-- 
grow  by  the  summit  cairn  on  Pine  Mountain  and  therefore  at  an  altitude  of 
9660  ft.  alt.     (Nos.  1545,  1672.) 

Seyiecio  ionophyllus  Greene.  (S.  sparsilubalus  Parish.  .S'.  benmrdinus  Greene.) 
This  very  variable  species  is  frequent  under  the  pines  on  shaded  north-facing 
slopes,  especially  in  the  Upper  Transition  Zone.  It  was  noted  chiefly  on  the 
side  of  the  mountain  facing  the  desert,  only  noted  on  the  south  slope  of  the 
mountain  in  Cascade  Fork  of  San  Antonio  Canon. 

The  most  common  form  of  the  plant  is  f.  sparsilobatus  (Parish)  comb.  nov. 
This  form,  and  several  others  which,  although  not  altogether  typical,  are 
best  referred  here,  is  predominating  in  all  the  colonies  of  the  plant  which  we 
have  seen.  The  orbicular-leaved  plant  that  is  referable  to  typical  S.  iono- 
phyllus  and  the  densely  tomentose,  f.  bernardimts  (Greene)  comb.  nov.  were 
both  found  to  be  rather  uncommon.     (Nos.  1381,  1658,  2042,  2076,  2085.) 

Senecio  triangularis  Hook.  Several  large  clumps  in  a  marsh  in  a  side  canon  of 
Prairie  Fork.     Upper  Transition  Zone,  alt.  7000  ft.     (Nos.  1679,  20S8.) 
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Senecio  Douglasii  DC.  Lower  edge"of  the  pine  belt  at  5000  ft.  alt.  in  Prairie  Fork. 
(No.  1678.) 

Cirsium  Californicum  Gray  var.  bernardinum  (Greene)  Macbnde.  Occasional  on 
the  dry  sandy  floor  of  Prairie  Fork  in  the  Lower  Transition  Zone.  Ascending 
to  7000  ft.  alt.     (No.*1707.) 

Anisocoma  acaulis  Gray.  A  single  plant  under  the  pines,  alt.  8000  ft.  in  the  Upper 
Transition  Zone  on  the  divide  at  the  head  of  San  Antonio  Cailon.  This  is 
perhaps  the  same  station  where  Dr.  Hall  (No.  1205)  collected  the  plants 
which  grew  on  an  "open  ridge  at  8000  ft.  alt."     (No.  2081.) 

Stephanomeria  runcinala  Nutt.  Occasional  in  rocky  ground  in  the  lower  and 
dryer  parts  of  the  Transition  Zone.  Frequent  at  lower  levels.  (Nos.  1573, 
1649.) 

Siephanmneria  cichoriacea  Gray.  Frequent  in  dry  rocky  ground  in  the  chaparral 
belt  and  in  the  Lower  Transition  Zone.  Seen  in  the  Upper  Transition  Zone 
at  8000  ft.  alt. 

Stephanomeria  virgata  Benth.  A  low,  very  slender  form  of  this  species  was  com- 
mon under  the  pines  in  the  Upper  Transition  Zone  near  the  head  of  Prairie 
Fork.     (No.  1654.) 

Troximon  retrorsum  (Benth.)  Greene.  Frequent  in  open  ground  in  the  Upper 
Chaparral  belt  and  in  the  Transition  Zone.  On  Pine  Mountain  Ridge  a  col- 
ony was  noted  at  nearly  COOO  ft.  alt.     (No.  2089.) 

Crepis  nana  Richards.  "On  the  eastern  side  of  Mt.  San  Antonio  some  three  or 
four  hundred  feet  below  the  summit,  near  a  small  snow  field,  along  the  Glen 
Ranch  Trail,"  ace.  Burlew  (Bull.  So.  Cal.  Acad.  16:  13,  1917). 
Crepis  acuminata  Nutt.  Frequent  in  Prairie  Fork  and  on  the  ridges  surrounding 
it.  Growing  in  dry  rocky  ground  in  the  Transition  and  lower  parts  of  the 
Canadian  Zone.  6000-8500  ft.  alt.  (Nos.  1650,  2083.) 
Hieracium  albiflorum  Hook.     Frequent  under  the  pines;  most  common  in  the 

Lower  Transition  Zone.  (Nos.  1480,  1614.) 
Hieracium  horridum  Fries.  In  rocky  ground  in  the  Lower  Transition  Zone,  alt. 
6000  ft.,  in  Middle  Fork  Lytle  Creek.  In  the  Upper  Transition  Zone  at  7000 
ft.  alt.  in  Icehouse  Canon  and  in  Cascade  Fork  San  Antonio  Canon.  Very 
common  among  the  rocks,  at  the  upper  edge  of  the  Transition  Zone,  on  the 
summit  of  Ontario  Peak,  alt.  8200  ft.     (Nos.  1613,  1616.) 
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Physiological  Problems  of  Piiotosy-nthesis. — A  recent  paper' 
presents  the  results  of  a  comparative  study  of  the  photosynthetic 
activities  of  lowland  (276  meters)  and  alpine  (1709  meters  and  2456 
meters)  plants.  This  paper  is  interesting  not  only  because  of  the 
decided  differences  that  were  found  in  the  behavior  of  plants  from  these 
two  types  of  habitat  but  perhaps  even  more  because  it  leaves  the;  reader 
with  the  conviction  that,  in  spite  of  the  assurance  with  which  the 
subject  of  photosj'nthesis  is  usually  presented,  very  httle  is  really  known 
regarding  this  fundamentally  important  problem  of  plant  physiology. 
In  spite  of  the  more  general  interest  in  the  purely  chemical  aspects 
we  are  as  much  in  the  dark  regarding  the  chemical  steps  in  the  process 
as  we  were  in  1870  when  Batyer  proposed  the  fonnaldehj^de  hypothesis. 
Willsttitter's  researches  have  cleared  up  much  that  was  confusing 
regarding  the  organic  chemistry  of  the  leaf  pigments  but  they  have 
done  practically  nothing  directly  to  solve  the  more  important  phj-sio- 
logical  problems  except  to  give  the  physiologist  tools  with  which  to 
work.  Much  excellent  investigation  has  been  carried  on  by  Blackman 
and  his  co-workers  upon  these  latter  problems  but  we  are  far  from  know- 
ing even  the  conditions  without  and  within  the  plant  that  are  usually 
influential. 

Our  ignorance  of  the  measurements  that  should  be  made  upon  the 
plant  and  its  surroundings  in  a  photosynthetic  research  is  well  illus- 
trated bj'  the  author's  discussions  of  the  problems  encountered.  These 
include:  the  amount  of  chlorophyll  in  the  leaves;  diurnal  variations 
in  the  amount  of  chlorophyll;  the  use  of  fresh  weight  or  dry  weight  of 
leaves  as  the  unit  of  reference  in  stating  the  amount  of  chlorophyll; 
the  ecological  character  of  the  plants  (the  author  used  chiefly  "meadow 
plants:"  Anthyllis  Vulneraria,  Bellis  perennis,  Primula  far inosa,  Taraxi- 
cum  officinale;  "plants  of  the  snow  ravines:"  Primula  integrifolia, 
Soldanella  alpina);  anatomical  characteristics  of  the  plants;  where  and 
how  to  take  the  temperature;  methods  of  measuring  the  assimilate; 

iHenrioi,  Marguerite,  Chlorophyllgehalt  und  Kohlensaure — .Assimilation  bei 
Alpen— und  Ebenenpflanzen.  Verhand.  Naturforsch.  Gesell.  Basel.  30:  43- 
136.    1918. 
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%ariations  in  carbon  dioxide  content  of  the  air;  metiiod  of  conducting 
air  to  the  plants;  variations  in  respiratory  activity;  use  of  fresh  weight, 
cUy  weight,  surface  or  voknne  of  leaves  as  the  proper  unit  of  reference 
in  stating  the  amount  of  photosynthate;  use  of  detached  lea^'es  or  the 
entire  plant  as  experimental  material;  character  and  quantity  of  light; 
influence  of  the  plant's  content  of  water  and  of  nutrient  salts;  influence 
of  leaf  exposure  and  of  weather,  especially  the  influence  of  atmospheric 
electricity;  behavior  of  stomata  during  experimentation. 

That  different  kinds  of  plants  have  different  effective  characteristics 
might  perhaps  have  been  expected,  although  it  is  only  rarelj-  taken  into 
account.  That  individuals  of  the  .same  species  behave  decidedly  dif- 
ferently when  taken  from  widely  different  habitats  and  examined  under 
the  same  conditions  (the  author  used  three  experimental  stations  lun- 
ing  the  altitudes  given  above)  is  evidenced  bj'  the  following  taken  from 
the  author's  summary:  lowland  meadow  plants  have  considerably  more 
chlorophyll  than  alpine  individuals  of  the  same  species  (often  2.'?0';f  of 
tiie  latter);  plants  of  the  snow  ravines  have  exceptionalh'  high  chloro- 
phyll contents  (often  350%  of  the  alpine  meadow  plants);  cultivation 
of  the  alpine  meadow  plants  in  lowland  stations  during  .several  weeks 
l^roduced  no  change  in  chlorophyll  content;  alpine  and  lowland  plants 
of  four  genera  reacted  specifically  toward  large  changes  in  character 
and  quantity  of  light;  diurnal  variations  in  chlorophyll  content  wen^ 
never  found:  alpine  plants  require  more  light  than  do  lowland  plants 
t6  assimilate  carbon  actively,  although  they  do  so  at  much  lower  temper- 
atures than  tiie  latter;  in  very  strong  light  alpine  plants  assimilate  more 
rapidly  than  lowland  plants;  in  verj-  weak  light  they  assimilate  more 
rapidly  than  the  latter  only  if  the  temperature  is  sufficiently  low:  each 
species  investigated  behaved  characteristically  in  its  assimilatory  activi- 
ties; near  sunset,  when  the  red  rays  predominate,  alpine  plants  assimi- 
late more  rapiilly  than  do  lowland  plants;  when  blue  light  predominates 
the  lowland  plants  are  the  most  active;  before  storms  the  alpine  plants 
assimilate  more  rapidly  than  lowland  plants,  indicating  a  ditTcrent 
reactive  ability  toward  atmospheric  electricity. 

Some  of  the  results  are  not  in  accord  with  some  usually  accei^ted 
physiological  generalizations.  It  appears  that  chlorophyll  cont(>nt  is 
more  constant  when  reckoned  on  fresh  weight  of  leaves  than  when 
reckoned  on  dry  weight;  amount  of  photo.synthate  is  more  constant 
when  reckoned  on  leaf  volume  than  on  leaf  area:  higii  respiratory  ac- 
tivity of  individuals  is  associated  with  high  as.-;imilatory  activity;  small 
plants  of  a  species  assimilate  more  rapiilly  than  do  large  plants;  respi- 
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ration  of  the  entire  plant  must  be  considered  and  not  merely  that  of 
tiie  leaves;  assimilation  dm'inp;  winter  is  much  more  active  than  under 
the  same  conditions  in  summer,  as  Miss  Matthaei  found  also.  By 
using  entire  plants  and  outdoor  air  the  author  obtained  assimilation 
values  that  were  much  higher  than  those  of  Blackman,  Matthaei  or 
Brown  and  Escomb(>,  but  which  agree  well  with  those  of  Thoday  who 
also  used  entire  plants  outdoors.  The  .statement  that  the  stomatal 
opening  changes  in  size  when  the  wave  length  of  the  incident  radiation 
i.s  changed  throws  doubt  upon  the  results  of  previous  investigations 
dealing  with  the  effectiveness  of  different  portions  of  the  spectrum  in 
photosynthesis.  It  may  be  mentioned  that  Ursprung^  has  recentlj' 
insisted  that  becau.se  of  this  stomatal  behavior  the  question  of  the 
.photosynthotic  effectiveness  of  radiation  of  different  frequencies  cannot 
be  settled  by  the  use  of  plants  possc.s.sing  stomata. 

The  weakest  point  in  the  work  is,  as  the  author  recognizes,  the 
measurement  of  radiation.  .^Itiiough  one  of  the  most  important  con- 
tlitions  of  photosynthesis,  radiation  has  never  been  measured  in  any 
research  on  the  subject  in  a  way  to  yield  real  information.  The  author 
used  an  Eder'.s  photometer  which  is  sensitive  only  in  the  blue-violet 
region  and  guessed  at  the  energy  in  the  red  portion.  She  recognizes 
the  inadequacy  of  the  latter  part  of  the  procedure  but  does  not  appar- 
ently realize  that  .since  the  photometer  had  a  curre  of  sensitiveness  and 
the  light  changed  qualitativebj,  her  results  are  not  even  of  comparative 
value  in  the  region  to  which  the  photometer  was  .sensitive.  For  this 
reason  simjile  jihotometers  are  worse  than  useless  for  measurements 
of  sunlight — the  same  reading  at  different  times  may  not  be  due  to 
the  same  amount  of  energj-. 

The  research  is  a  comparative  one  tlnougiiout.  alpine  and  lowland 
plants  being  investigated  .simultaneously,  and  fiom  this  standpoint  the 
work  is  excellent.  The  "theoretical"  reasoning  is,  however,  not  very 
convincing  on  the  whole  and  shows  how  badly  we  need  information  on 
the  main  features  of  photosynthesis. 

Perhaps  one  of  the  most  important  inferences  to  b(>  tlrawn  from  the 
paper  is  that,  as  has  been  found  true  in  physical  and  physico-chemical 
research,  the  organization  of  a  system  in  which  physical  and  chemical 
events  are  expected  to  occur  may  be  the  condition  deciding  whether 
and  to  what  degree  they  can  occur.     The  prcsenc(>  or  absence  of  stomata, 

-  Urspruug,  A.,  Ueber  die  Bedeutung  der  Wcllciil.iiiKc  fiir  die  .'-!t;irkcl)ildung. 
Ber.  d.  h.  Gesell.    36:  86-100.    1918. 
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their  behavior,  the  tliickncss  of  the  leaf,  the  amount  of  photosyuthate 
ah-eady  fomied,  the  amount  ah-eady  stored  in  other  portions  of  the 
plant  body,  whether  the  leaf  tissue  is  chiefly  palisade  or  chieHj-  spongy 
parcnehJ^na,  etc.  appear  from  this  study  to  exert  considerable  influence. 
— H.  E.  Pulling. 

IMoRPHOLOGY  OF  THE  Cycads. — In  a  recent  paper  published  in  the 
Botanical  Gazette,^  Sister  Helen  Angela  Dorety,  one  of  Chamberlain's 
pupils,  continues  her  morphological  study  of  the  cycads.  The  paper 
deals  with  Dioon  spinulosum,  a  Mexican  form  unique  because  of  the 
large  size  of  the  ovulate  strobilus  and  ovules.  The  cotyledons  which 
vary  in  number  from  2  to  4,  resemble  those  of  Ceratozamia  and  Micro- 
cycas  in  the  niunber  of  vascular  strands.  At  a  jwint  where  the  cotyle- 
donary  strands  leave  the  protostele  of  the  hypocotyl,  they  are  endarch, 
becoming  mesarch  in  the  base  of  the  cotyledon,  and  exarch  near  the 
tip.  Girdhng  is  sunilar  to  that  of  other  cycads  and  is  very  clearly 
traced  in  diagrams  in  the  paper.  No  extrafascicular  cambium  indicat- 
ing relation  to  the  polystele  of  the  Cycadofilicales,  is  present.  The 
primaiy  root  is  tetrarch  changing  to  diarch  as  it  develops.  The  paper 
is  clear  and  concise,  and  is  illustrated  with  two  plates  of  28  drawings.— 
J.  G.  Brown. 

>  Dorety,  Sister  Helen  Angela.  Embryo  and  Seedling  of  Dioon  Spinulosum. 
Bot.  Gaz.  671  251-256.     1919. 


NOTES  AND  COMMENT 

An  accoiiiil  of  tlic  use  and  souiccs  of  lignum  vitao  lias  been  I'oii- 
tiibutod  to  The  Scientific  Amoriciin  by  Prof.  Samuel  J.  Record,  of 
Yale  Forest  School.  This  tropical  tree  received  its  name  in  the  days 
of  the  Spanish  explorers,  when  its  wood  was  erroneously  sujiposcd  to 
possess  great  medicinal  virtue.  At  present  the  use  of  this  very  durable 
and  highly  cross-grained  wood  is  ahuost  confined  to  the  lining  of  shaft 
bearings  in  steamships.  No  other  material  is  found  so  satisfactory 
for  use  in  the  last  or  sternmost  bearings  of  the  propcllor  shaft, where 
the  presence  of  salt  water  and  the  impossibility  of  lubrication  would 
make  metal  bearings  impossible.  There  is  still  an  adequate  supply 
of  true  lignum  vitae  (Ouaiacum),  although  much  of  it  is  difficult  of 
access,  and  th(>  same  use  is  less  satisfactorih'  served  by  Maracaibo 
lignimi  vitao  (Bulnesia),  and  by  the  Central  American  yellow  gua3'acan 
(Tabebida),  which  was  used  for  shaft  bearings  by  the  Emergency  Fleet 
Corporation  diu'ing  the  war. 

Prof.  .Jolin  W.  HarshbiMger,  of  the  University  of  Pennsylvania,  has 
contributed  an  illustrated  paper  on  the  Alpine  Fell-fields  of  Eastern 
North  America  to  the  April  issue  of  the  Geographical  Re\new.  The 
nature  of  these  unforested,  rocky  areas  in  Greenland,  Iceland  and  the 
mountains  of  Europe  and  South  America  is  discussed  and  a  more  de- 
tailed description  given  of  the  fell-fields  near  the  siunmit  of  Mt.  Wash- 
ington. Profes.sor  Har.«fhberg('r  holds  that  differences  in  the  colloquial 
names  aiiplied  to  pi'ominenl  plant  formations  of  America  and  Europe 
have  obscured  Iheir  actual  features  of  similarity,  which  can  be  asc(>r- 
tained  only  :iflcr  :iile(|ualc  di'-criptions  have  been  published. 

It  is  staled  by  the  liaily  papers  that  the  Michigan  Legislature  has 
authorized  tiic  use  of  n  portion  of  the  proceeds  of  a  recent  i.ssue  of 
highway  ixmds  for  I  lie  planting  of  nut-bearing  shade  trees  along  the 
roadsides  of  that  state.  I'dleral  and  county  appropriations  are  also 
likely  to  be  obtained  for  this  purpo.se.  The  three-fold  benefits  to  be 
secured  from  such  a  plan  will  doubtless  commend  it  to  other  states. 
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Among  tlu-  i):ii)('rs  which  will  appear  in  PUfcoeding  issues  of  The 
Plant  \\'oikl  may  l)e  nientioncil  the  following:  Sunlight  and  its  Measure- 
ment, by  Howard  K.  Pulling;  The  Solution  and  Fixation  Accompanying 
Swelling  and  Drying  of  BiocoUoids  and  Plant  Tissues,  by  D.  T.  Ma<-- 
Dougal  and  H.  A.  Spoehr;  Ei^'ect  of  Fertilization  on  the  Seed  of  JefTrey 
Pine,  by  E.  N.  Munns;  Water  Content  and  Temperature  as  Factors 
influencing  Diastase  formation  in  the  Parley  CJrain,  by  W.  E.  Pickler; 
The  Hole  of  Temperature  in  the  Detemiination  of  the  Transpiring 
Power  of  Leaves  by  Hygrometric  Paper,  by  Edith  B.  Shreve:  Native 
Vegetation  as  a  Criterion  of  Site,  by  C.  F.  Korstian;  and  The  lOvidc-ncc 
for  a  Growth-Inhibiting  Substance  in  the  Pear  Tree.  l)y  II.  S.  Peed 
and  F.  F.  Halma. 
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THE  SOLUTION  AND  FIX,\TION  ACCOMPANYING 
S^YELLING  AND  DRYING  OF  BIOCOLLOIDS 
AND  PLANT  TISSUES 

D.  T.  MacDOUCAL  and  IL  A.  SI'OEIIR 
Desert  Laboratory,  Tucson,  Arizona 

The  hydration  of  a  colloidal  mass  whether  it  be  a  dried  plate 
of  a  biocolloid,  a  dried  plant  section  or  a  mass  of  living  pro- 
toplasts is  all  but  invariably  accompanied  by  the  solution  or 
extraction  of  some  of  the  substances  of  the  colloidal  mass.  The 
material  found  in  such  extracts  will  in  all  cases  be  determined 
by  the  diffusibility  of  the  compounds  present.  These  diffusions 
encounter  highly  specialized  conditions  at  the  external  limits  of 
the  protoplasts  where  a  colloidal  phase  boundary  separates  the 
elastic  gels  and  highly  viscid  emulsoids  of  the  pentosan-protein- 
lipoid  protoplasm  from  the  denser  more  rigid  cellulose-pectose 
walls  enclosing  the  cells. 

Attempts  to  fix  uporl  the  composition  of  the  "semi-per- 
meable" membrane  constituted  by  this  miportant  phase  bound- 
arj^  have  naturally  failed,  since  it  is  by  its  very  nature  unstable, 
and  since  it  must  in  every  case  be  the  product  of  the  two  col- 
loidal masses  which  come  together  and  the  material  which  comes 
to  the  surfaces  of  the  impinging  colloidal  masses  will  be  de- 
termined largely  by  the  character  of  the  protoplasm  and  of  the 
wall.'  Such  conditions  offer  fruitful  conditions  for  unprofitable 
controversies,  which  it  is  not  proposed  to  review  at  this  time. 

^Icasurements  and  analyses  of  the  chemical  nature  and  con- 
centration of  compounds  which  will  cause  the  disruption  and 
displacement  of  the  wall-protoplasm  boundary  in  "true"  and 

•Free,  E.  E.  A  colloidal  theory  of  permeiihility.  Plant  World,  21:  Ml. 
1918,  and  Wodehouse,  K.  P.  Diroet  deteriiiinatiims  of  permeability.  .Jour. 
Biol.  Chcm.  29:4.53.     1917. 
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'■false''  plasmoh'sis  are  ahuiulant,  while  l)ut  little  attention  has 
been  given  to  a  similar  state  of  affairs  whieh  results  from  loss  of 
water  by  desiccation  as  externally  expressed  by  the  plant  in 
wilting.  Some  authors  hold  the  view  that  when  extraction 
reaches  a  stage  marked  by  shrinkage  of  a  swollen  section,  it  is  an 
indication  that  the  cells  are  no  longer  living,  but  this  maj'  not 
be  taken  as  a  criterion.  This  point,  the  stage  of  irreversible 
desiccation  and  death  by  freezing  are  all  relative  to  changes  in 
colloidal  condition,  rather  than  to  simple  chemical  react ions.- 

In  the  course  of  some  work  on  the  imbibition  and  growth  of 
plants  the  analyses  of  which  show  that  the  water  relations  of 
the  protoplasm  is  determmed  by  the  pentosan-protein  propor- 
tion, and  that  the  activities  of  such  living  material  is  not  to  be 
simulated  by  the  imbibitional  action  of  the  amino  compounds  of 
gelatine,  attention  was  paid  to  the  following  matters: 

a.  Extractions  from  living  cell-masses. 

b.  Extractions  or  solutions  of  sections  of  biocoUoids. 

c.  Acidity  of  fresh  or  living  tissues. 

d.  Acidity  of  desiccated  tissues. 

e.  Swelling  of  fresh  sections. 

f.  Re-swelling  of  extracted  and  dried  tissues. 

g.  Swelling  of  dried  tissues. 

h.  Repetition  of  swelling  and  drying  treatments. 

These  treatments  as  ai)pli('il  to  nuHlian  slices  of  maturing 
joints  of  Opuntia  discata  grown  at  C'armel  gave  measurements 
as  below  at  18°(\  The  flat  joints  at  10  to  12  mm.  in  thickness, 
and  the  median  jjortion  includes  but  little  chlorophyll.  Sections 
suitable  for  swelling  free  from  any  except  the  smallest  fibro- 
vascular  strands  are  readily  pn)cural)l('.  • 

-  Laiik,  K.,  Die  bedeutung  dcr  Klektrolyten  fiir  Quellungsprocess.  Biochem. 
Zeitschr,  37:  Hft.  1  and  2,  pp.  1.")  and  .58.  191G,  and  Ostcrhout,  W.  J.  V.,  Respi- 
ration after  death.     Bot.  Gaz.  56:  1918. 

'  .Ml  measurements  were  made  by  the  use  of  auxographs  described  in  Cirowtli 
and  Imbibition.     Pror.  Amer.  Phil.  .Soc,  56:  \n.  4,  p.  320.     1917. 
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POTASSIUM     POTASSIUM 

HYDRATE         NITRATE 

O.OlM  O.OlM 


Living  median  slices 


First  swelling..." 11.4% 


6.6%         9.2% 


Above  sections  dried.     Second  swelling  calculated  on  basis  of  original  thickness. 


Second  swelling 17.5 


26.4 


24.5 


22.4 


Dried  median  slices  not  previously  treated 


First  swelling 

Second  swelling  after  drying  of  above. 


430 
430 


357 
250 


315 
352 


541 
541 


The  thin  slices  used  to  obtain  the  results  in  the  first  line, 
when  dried  came  down  to  about  one-fourth  of  their  original 
thickness.  To  have  returned  to  their  original  dimensions  ex- 
pansions of  about  75  to  85'^c  would  have  been  necessary.  The 
lesser  swellings  indicate  that  in  the  first  treatment  the  sub- 
stances giving  the  sections  their  high  iml)ibition  capacitj'  had 
been  largely  extracted. 

On  the  other  hand  but  little  material  in  addition  to  water  is 
lost  in  the  dehydration  of  cell  masses  by  simple  drying.  The 
reduction  amounts  to  about  three-fourths  of  the  total  volume 
and  an  even  greater  proportion  by  weight.  The  chief  interest 
centers  in  the  disposition  of  the  electrolytes  and  amino-com- 
pounds  which  are  combined  with  the  more  liquid  and  more  solid 
phases  of  the  colloid  of  the  active  cell.  The  acids,  salts  and  all 
substances  in  solution  which  do  not  actually  crystallize  out  in 
the  vacuoles  would  be  finally  adsorbed  by  the  colloids  in  a 
highly  concentrated  condition.  This  would  have  certain  effects 
inclusive  of  coagulation  which  would  influence  the  re-hydration 
of  such  cell-masses  or  material,  and  which  would  prevent  a 
return  to  the  original  or  living  condition. 

If  now  we  turn  to  the  swelling  of  sections  dried  directly  from 
the  living  or  fresh  condition  the  increases  are  seen  to  bring  the 
material  back  to  a  volume  less  than  the  original  in  various 
solutions,    the   deficit   being   greatest    in   the    alkali   and   least 
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in  the  salt.  It  is  notable,  however,  that  only  in  the  acid  solu- 
tion did  an  extraction  take  place  in  consequence  of  which  the 
sections  when  dried  and  rehydrated  failed  notably  to  come  back 
to  an  approximation  of  the  original. 

Other  preparations  were  made  in  which  the  sections  included 
a  portion  of  the  clear  parenchyma  as  well  as  of  the  chlorophyl- 
lose  layer  and  the  epidermis.  These  were  first  hydrated.  then 
desiccated  and  swelled  a  second  time  at  16  to  18°C.  The  increases 
were  as  below : 


First  swelling. . . 
Second  swelling. 


100 


225% 
107 


SODIUM 

HYDRATE 

0.01  M 


POTASSIUM 

NITRATE 

O.OlM 


287.5% 
137.5 


The  first  swelling  of  the  dried  material  agreed  with  the 
measurements  of  the  series  described  above  in  showing  the 
greatest  expansion  in  the  salt,  and  a  greater  relative  hydration 
capacity  in  the  alkali  than  in  the  first  series.  The  striking 
feature  of  this  pair  of  tests  however  is  the  notable  reduction  in 
hj^dration  capacity  of  material  which  had  been  jireviously 
treated.  iSuch  reduction  obviously  can  not  be  ascribed  to  coagu- 
lation, but  must  be  attributed  to  the  effect  of  extractions,  other- 
wise it  would  have  been  shown  in  the  first  swelling  after  drying. 
This  extraction  had  the  greatest  effect  in  the  alkali  and  was 
not  widely  different  in  water,  acids  and  salts.  The  ditTerence 
between  the  behavior  of  these  sections  and  of  the  ]jrevious  pair 
may  be  safely  attributed  to  the  presence  of  some  diffvisible 
substance  affecting  imbibition  present  in  tlie  cliloioijliyllose 
layer. 

That  this  hypothetical  materia!  or  combination  is  however 
not  characteristic  of  chlorophyll-l)e;ning  tissues  is  shown  by  the 
behavior  of  another  Opuntia. 

A  spineless  Opunlia  from  ^Mexico  which  had  l)een  ol)taine(i 
from  Mr.  David  (Jriffiths  of  the  United  States  Department  of 
Agriculture  several  years  previously  showed  less  mucilage  than 
O.  discala  and  other  forms  from  Tucson.     Dried  median  slices 
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caiiio  down  to  u  lliickues>.s  of  about    0.2  iniii.   and   these   gave 
swellings  at  16°C.  as  below: 


WATER  DI8TILLED                    CITBIC  ACID  O.OlN 

POTASSIUM   HYDRATE      1       POTAS8ICM   NITRATE 

O.OlM                 1                 O.OIu 

After  first  drying 

361% 

306%              1             250% 

325% 

After  second  drj'ing 

42% 

56%                           100% 

75% 

The  dried  median  slices  show  a  general  behavior  similar  to  that 
of  the  epidermal  slices  of  the  first  species,  the  most  important 
feature  being  the  difference  between  the  first  and  second  swell- 
ings. These  are  very  marked  and  indicate  the  extraction  of 
some  substance  which  gives  a  high  coefficient  of  sw^elling. 

The  solution  of  material  from  a  section  of  a  plant  with  its 
thousands  of  cellulose  walls  presents  physical  features  that  are 
not  easily  to  be  duplicated.  Amino-acids,  hexoses,  malates,  and 
salts  however  constitute  the  bulk  of  the  extracted  material, 
together  with  other  suhjstances  set  free  by  the  bursting  walls  of 
some  of  the  cells,  in  addition  to  those  crushed  in  taking  out  the 
section.  Diffusion  of  the  pentosans  would  take  place  slowly, 
although  the  derivation  of  large  proportions  of  this  material  by 
extraction  after  killing  with  ether  suggests  that  the  rate  is  not 
inconsiderable,  and  may  be  subject  to  various  modifications. 

The  lessened  hydration  capacity  of  a  section  previously 
extracted  is  probably  a  resultant  of  various  losses.  The  salts 
would  operate  to  limit  imbibition  of  a  carbohydrate-protein 
colloid  and  their  extraction  would  remove  this  hmit.  Free 
acids  limit  sweUing.  Extraction  maj^  remove  acids  and  salts 
wliich  lessen  swelling,  and  at  the  same  time  some  amino- 
compounds  which  give  to  pentosans  a  high  hydration  capacity. 
The  second  swelling  therefore  represents  a  series  of  reactions 
widely  different  from  those  of  the  first  treatment. 

It  was  not  practicable  to  make  detorminations  of  the  ex- 
traction of  material  in  all  the  solutions  but  attention  was  given 
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to  the  action  of  distilled  water  in  dissolving  out  the  contents  of 
cells  and  of  the  components  of  colloidal  plates,  and  to  estimate 
the  rate  and  amount  of  acids  dissolved  out. 

We  are  indebted  to  Prof.  H.  M.  Richards  for  determinations 
of  the  acidity  of  the  water  in  which  fresh  slices  of  the  Opuntia 
were  swelled  and  it  was  found  this  might  be  expressed  as  fol- 
lows: 10  cc.  solution  from  dish  in  which  set  of  fresh  sections 
were  swelled  in  water  =  0.44  cc.  N  20  KOH.  Dried  slices  of  the 
above  material  when  swelled  in  water  twenty-four  hours  gave  a 
solution  the  acidity  of  which  might  be  expressed  as:  10  cc.  of 
solution  =  0.10  cc.  N  20  NaOH.  ^^^len  such  sections  were  im- 
mersed in  citric  acid  O.OIN,  the  strength  of  the  solution  was 
increased  so  that  at  the  end  of  twenty-four  hours  the  acidity 
was  expressible  as:    10  cc.  of  solution  =  2.25  cc.  N /20  NaOH. 

The  rapid  penetration  of  cell-masses  by  acids  is  a  well-known 
reaction  and  is  accompanied  or  followed  by  the  extraction  of 
electrolytes,  and  it  has  been  held  by  some  authors  that  when 
the  preliminary  swelling  which  takes  place  in  acids  changes  to  a 
shrinkage  that  death  is  implied.^  This  last  distinction  is  one 
without  si)ecial  meaning  in  coimection  with  the  present  paper. 

The  hydration  of  colloidal  plates,  of  dried  sections  of  plants, 
and  of  fresh  sections  presents  parallel  roaclinn  in  hundredth 
normal  organic  acids.  The  chief  features  of  such  swellings  con- 
sist in  an  initial  rapid  expansion  followed  by  shrinkage  due  to 
solution  or  dispersion  of  the  sections. 

The  swelling  of  the  pentosan,  agar,  \\hich  has  been  used  so 
widely  in  the  imbibition  measurements  in  connection  with 
growth  would  be  accompanied  by  the  solution  or  disjiersion  of 
material  of  the  external  part  of  the  sections  antl  by  the  diffusion 
of  whatever  salts  or  acids  might  be  present  in  the  interior  of  the 
mass.  A  test  was  carried  out  to  determine  what  such  loss  niight 
be  in  sections  of  agar  and  in  a  simple  biocolloid.  The  agar  was 
cast  in  jilates  which  came  down  to  0.2.")  mm.  in  thickness  from 
a  2.5%  solution.     Sections  swelled  as  follows  at  17  to  18°C 

<  .MiifDoupal,  Richards  and  ,S|)oclir.  I'Ih'  li:i<i^  of  succulence.  Bot,  Ciaz., 
67:  40.5.     I'JIS. 
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WATER 

SODIUM   HYDKATE  O.OIm 

POTASSIUM   NITRATE 
O.OlM 

2420% 

602% 

1700% 

Strips  equivalent  to  200  sections  with  a  surface  of  2520  sq. 
mm.  were  now  placed  in  beakers  of  distilled  water,  10  cc.  to 
each  section  12  sq.  mm.,  for  a  period  of  twenty-four  hours  at 
the  same  temperature.  The  evaporation  of  the  water  showed 
0.2570  gi'am  of  material  had  been  dissolved  from  the  plates  or 
sections  which  weighed  l.()731  gram  at  the  beginning,  which  was 
equivalent  to  about  15' o-  This  proportion  is  to  be  contrasted 
with  the  7%  of  the  soluble  material  dissolved  from  sections  of 
Opuntia  allowing  for  the  non-soluble  cell-walls. 

Another  series  of  swellings  and  extractions  was  made  with 
sections  of  biocolloids  consisting  of  8  parts  agar  and  2  parts 
gelatine,  which  were  heavier,  having  a  thickness  of  0.38  mm. 
The  swellings  were  as  follows  at  16°C. 


WATER 

CITRIC   ACID  O.OlN 

O.OlM 

POTASSIUM    NITRATE 
O.OlM 

1684% 

947% 

474% 

1347% 

Strips  of  this  material  weighing  1.0316  gram  with  a  surface  of 
2542  sq.  mm.  were  placed  in  water  at  temperatures  as  above  for 
twenty-four  hours  and  when  this  was  evaporated  a  residue  of 
0.1865  gram  was  found,  which  was  equivalent  to  about  18% 
of  the  original.  Most  of  this  and  of  the  material  dissolved  from 
agar  sections  in  all  probability  is  derived  from  the  surface  layer 
of  the  material  as  both  gelatine  and  agar  are  so  nearly  non- 
diffusible  as  to  render  their  extraction  from  the  interior  of  the 
section  all  but  impossible. 

A  test  was  arranged  to  estimate  the  relative  amount  of 
material  which  might  be  extracted  from  plant  tissues  by  a  treat- 
ment which  would  parallel  the  immersions  used  in  obtaining 
swelling  measurements.  Sections  of  joints  of  Opuntia  have 
been  used  extensively  in  work  on  swelling  and  in  order  to  obtain 
sufficient  material  24  of  the  customary  size  for  testing  under 
the  auxograph  were  placed  in  250  cc.  of  water  at  temperatures 
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of  1()  to  1S°C.  at  which  swelUngs  under  instruments  were  also 
made.  At  the  end  of  twentj'-four  hours  the  mucihiginous  solu- 
tion was  measured  off,  50  cc.  being  allotted  for  acidity  determi- 
nations (see  results  above),  and  180  cc.  was  used  for  determi- 
nation of  the  solid  matter  present.  It  was  found  that  this 
amounted  to  0.28  gram  for  the  240  cc.  of  juice  obtained  from 
sections  having  a  total  volume  of  40  cc.  when  fresh.  The  actual 
solid  matter  of  the  sections  including  the  cell  walls  may  be  taken 
as  10%  of  the  whole,  or  as  4  grams.  Of  this  7%  was  dissolved 
out  in  water. 

The  extraction  of  this  amount  of  material  could  readity  be 
held  to  account  fully  for  the  changes  which  take  place  in 
hydration  and  which  give  different  expansions  in  the  second 
immersion. 

According  to  recent  results  of  Aliss  E.  Grace  Stewart,  the 
pentosans  which  are  prol)ably  present  in  all  cells  in  varying 
proportions  are  formed  in  the  cytoplasmic  mass,  and  collect  in 
a  layer  near  the  wall  or  in  cavities  in  the  protoplasm.^  The 
bursting  of  some  cells  by  imbibition  pressure  or  the  crushing  of 
others  in  preparing  the  sections  allows  some  of  this  material  to 
escape  in  extractions  or  in  swelling. 

It  is  to  be  noted  that  we  purposely  avoid  all  mention  of 
osmotic  action  in  the  obvious  sense,  dwelling  may  in  the  ulti- 
mate be  due  to  the  increase  of  internal  microns  in  colloids  of 
plates,  of  cells  and  of  dried  tissues  by  the  adsori)tion  of  mole- 
cules of  water  and  hence  the  differential  between  this  increase 
and  the  loss  by  migration  and  dispersion  of  salts,  acids  and 
colloidal  material  might  be  regarded  as  the  resultant  of  osmosis. 

It  is  quite  clear  that  no  explanation  of  absorption  of  solutions 
by  cell  masses,  or  of  plasmolysis  may  l)e  adequate  or  greatly 
useful  which  does  not  take  into  account  certain  fundamental 
mechanical  features  of  the  cell-structure.  .Vmong  these  are  to 
be  included  the  jjliasc  Ixnindarics  of  tlic  (•(ijloids  of  the  cell  wall, 
of  the  vacuoles,  of  the  protoplast,  and  of  the  multiple  and 
varying   .structures    in    the    protoplasm.     Sduic    recognition    of 

'■Stewart,  E.  G.  Mucilunc  or  slime  fonuMlioM  in  llic  fjicti.  Hull.  'I'orr.  Hul. 
Club  46- 157.     1919. 


SOUTIOX    AXD    FIXATION'    OK    HIOCOLLOIUS  \'M 

these  facts  has  come  from  Stiles  and  .lorgensen/'  and  a  fuller 
estimate  of  their  importance  must  precede  anj'  fm-ther  profitable 
discussion  of  the  hydration  and  water-relations  of  living  matter. 

It  is  to  be  noted  that  plasmolysis  or  decrease  in  the  volume  of 
the  protoplast  occurs  in  the  immersions  and  during  the  extrac- 
tion of  acids  from  cell-masses,  and  that  it  also  takes  place  in 
wilting.  The  plasmolytic  contraction  from  the  walls  may  be 
held  in  such  manner  as  to  be  irreversible  and  the  protojilast  thus 
modified  may  continue  to  live.  Death  is  therefore  not  identical 
with  irreversible  i)lasmolysis. 

Plasmolysis  by  osmotic  action  is  accompanied  by  losses  and 
by  penetrations  and  perfusions  of  complex  character  in  the 
many  phases  of  the  cell  colloids.  Plasmolysis  in  wilting  is  in 
some  respects  a  simpler  matter.  \'aporization  of  water  from 
the  cell-walls  is  followed  by  replacement  movements  from  the 
cell  colloids,  which  result  first  in  a  lessened  volume  of  the  proto- 
plast and  finally  in  the  progressive  concentration  of  all  sub- 
stances, especially  those  dissolved  in  the  vacuoles,  and  in  the 
more  liquid  phases  of  the  colloids.  The  fact  that  the  acids  may 
be  readily  extracted  in  greater  proportion  from  dried  specimens 
than  from  fresh  tissues  suggests  that  these  substances  may  have 
crystallized  out  to  some  extent  after  the  manner  of  amino-acids 
incorporated  in  colloidal  mixtures.  The  same  may  be  true  to 
some  extent  of  the  salts.  There  is  also  much  in  favor  of  the 
conclusion  that  changes  take  place  in  the  colloidal  mesh,  as  a 
result  of  a  loss  of  water,  and  of  the  action  of  adsorbed  bases  which 
cause  coagulations  not  reversible  by  simple  hydration.  Aggre- 
gations which  may  eiTect  the  imbibition  capacity  of  or  water- 
relations  of  masses  of  protoplasm,  especially  its  external  layers 
or  phase  boundaries  even  in  the  most  highly  hydrated  condition 
also  may  occur. 

'Stik'S  :uk1  Jorgcnscn.  I.  Studies  in  IVniie:it)iIity.  Ann.  of  But.  29:;i49. 
1915. 

The  swelling  of  plant  tissue  in  water  and  its  relation  to  temperature  and 
various  dissolved  substances.     .Vnn.  of  Bot.  31:  July  and  October,  1U17. 


EFFECT  OF  FERTILIZATION  ON  THE  SEED  OF 
JEFFREY  PINE 

E.  N.  MUNNS 
Forest  Examiner,  United  States  Forest  Service 

111  May,  1914,  the  Jeffrey  pine  (Piyius  jeffreiji)  in  the  San 
Bernardino  Mountains  of  Southern  California  gave  promise  of  a 
forthcoming  seed  year,  and  when  this  was  realized,  plans  were 
made  to  determine  the  effect  of  the  parents  on  the  seed.  To 
this  end,  mushn  sacks  were  tied  around  some  of  the  pistillate 
flowers  on  a  number  of  trees;  and  when  the  pollen  began  to  be 
liberated,  it  was  collected  in  envelopes  from  the  various  chosen 
trees  and  the  flowers  were  pollinated  by  the  blowing  of  this 
pollen  onto  the  cones,  care  being  taken  that  all  portions  of 
the  cones  were  thoroughly  dusted.  This  pollination  was  done 
three  times  at  intervals  of  four  daj-s  to  make  sure  that  all  of  the 
flowers  were  covered,  even  those  that  were  latest  in  becoming 
recepti\p.  When  the  pollen  had  ceased  flying,  the  bags  were 
removed  from  the  cones. 

The  trees  chosen  for  this  work  are  described  in  the  following 
list  (table  1),  all  the  trees  being  from  sixty  to  one  hundred  and 
ten  years  old,  and  growing  at  an  elevation  of  GOOO  feet  on  a  south 
slope  and  on  a  deep  granitic  loam  soil.  The  character  of  the 
trees  and  the  low  crown  facilitated  this  work,  much  of  it  Ix-ing 
(lone  from  a  light  ladder. 

In  fertilizing  the  flowers  the  trees  were  crossed  as  is  shown 
in  table  2.  For  convenience  in  reference  tlic  luuiilier  is  foll()W(>d 
by  the  character  of  the  tree. 

After  the  cones  were  collected  the  following  fall,  they  were 
sun  dried  and  left  to  open  slowly.  The  seeds  were  carefully 
cleaned  by  hand  and  wciglicd.  and  the  miiiiber  of  seeds  to  the 
pound  was  computed.  V.:u-h  lot  was  tlicii  sown  in  the  nursery 
the  following  spring  under  nursery  conditions  and  all  the  lots 
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TABLE  1 
Description  of  trees 

1.  Very  thrifty  tree;  fast  growing;  80  feet  high;  heavy  foilage. 

2.  Insect-infested  tree   {Deiidructonus  valcns);  otherwise   thrifty;    tree  tliod   in 

second  year. 

3.  Suppressed  tree;  35  feet  high;  110  years  old;  suppressed  by  other  pines  and 

oak  {Quercus  calif ornica);  very  slow  growth. 

4.  Mistletoe-infested  tree;  very  bushy  and  liniby;  some  limbs  almost  touching 

ground ;  many  branches  dying. 

5.  Thrifty  tree;  open  grown;  75  feet  high:  low  crown. 

6.  Suppressed  tree;  30  feet  high;  badly  malformed;  damaged  by  a  falling  tree; 

diseased;  very  slow  growth;  suppres.sed  by  golden   cup  oak   {Quercus 
chrysolepis)  and  pines. 

7.  Mistletoe-infested  tree;  very  bushy  top;  55  feet  high. 

8.  Very  thrifty,  fast-growing  tree,  60  feet  high,  crown  enclosed  on  two  sides. 

T.\BLE  2 
Tree  unions 


DESCRIPTION    OF  TREES 

NU.MBER 

NUMBER 

OP  CONES 

Staminate  flowers 

Pistillate  flowers 

GATHERED 

1 

(1)  Very  thrifty 

(8)  Very  thrifty 

8 

2 

(1)  Very  thrifty 

(4)  Mistletoe-infested 

14 

3 

(4)  Mistletoe-infested 

(7)  Mistletoe-infested 

11 

4 

(4)  Mistletoe-infested 

(5)  Thrifty 

10 

5 

(2)  Insect  infested,  thrifty 

(5)  Thrifty 

6 

6 

(5)  Thrifty 

(2)  Insect-infested,  thrifty 

10 

7 

(3)  Suppressed 

(8)  Thrifty 

13 

8 

(3)  Suppressed 

(4)  Mistletoe-infested 

10 

9 

(4)  Mistletoe-infested 

(6)  Suppressed 

9 

10 

(8)  Very  thrifty 

(3)  Suppressed 

12 

11 

(3)  Suppressed 

(3)  Suppressed 

8 

12 

(1)  Very  thrifty 

(1)  Very  thrifty 

13 

13 

(4)  Mistletoe-infested 

(4)  Mistletoe-infested 

11 

14 

(6)  Suppressed 

(3)  Suppressed 

21 

15 

(5)  Thrifty 

(5)  Thrifty 

9 

For  unions  11,  12,  and  13,  pollen  was  collected  from  different  parts  of  the  tree 
and  mixed  before  fertilizing. 

For  unions  12  and  15,  pollen  was  collected  from  nearest  flowers  on  the  same 
branch. 

were  hiindled  alike.     From  the  sevd  data  which  were  siithered, 
the  acconipaiiying  tables  were  prejiared : 

From  the  germination  secured  in  the  nursery  tables  3  to  5 
were  made,  the  data  being  the  percentage  of  germination  at 
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TABLE  3 

Effect  of  fertilization  on  the  value  of  the  seed 


c.v,o.v 

XCMBER  OF  SEEDS 
PER  POUND 

GERMINATION 

REAL  V.ILUE  OP 
SEED  PER  POUND 

HEIGHT  OF   I-TEAR 
OLD  SEEDLINGS 

1 

2180 

59.5 

1300 

3.1 

2 

3725 

34.3 

1267 

2.5 

3 

4320 

24.1 

1041 

2.4 

4 

2400 

38.2 

917 

2.7 

5 

2372 

50.2 

1191 

2.9 

6 

0 

0.0 

0 

7 

2142 

54.2 

1100 

3.0 

8 

4062 

25.1 

1009 

2.1 

9 

4233 

21.4 

905 

2.3 

10 
11 

3850 
4365 

26.5 
19.3 

990 
742 

1.8 
2.1 

12 

2434 

46.5 

1073 

3.0 

13 

3910 

21.  S 

852 

2.3 

14 

4128 

20.7 

854 

1.8 

15 

2337 

48.0 

1122 

2.7 

Rate  of  germinalion  percentage  by  decades.     Tree  classes  based  on  the  source  of  the 
pistillate  flowers 


DAVS 

THRIFTY 

MISTLETOE 

Bt7PPRES8ED 

20 

0.0 

0.0 

0.0 

30 

0.0 

0.0 

0.2 

40 

2.5 

1.5 

1.3 

50 

7.0 

3.5 

2.8 

60 

21.5 

13.5 

10.5 

70 

48.5 

27.0 

19.8 

80 

79.0 

53.5 

41.3 

90 

91.0 

71.0 

56.8 

100 

94.5 

87.0 

76.5 

110 

100.0 

93.3 

82.0 

120 

97.5 

89.8 

130 

98.0 

93.0 

150 

99.5 

100.0 

6 

4 

4 

49.4 

26.3 

22.0 

Real  value  of  seed 

1127 

1042 

873 

EFFECT   OF   FERTILIZATION    ON    SEED 
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toil-day  intervals  dividod  In-  the  final  s^'i'i'iination  percentage, 
or  tlie  rate  of  gerniination  by  ten-day  periods. 


Rate  of  germination  percentage  by  decades.     Tree  classes  based  on  source  of  the 
pollen 


DAV3 

THRIFTY 

M.ST..TO. 

SCPPRESSED 

20 

0.0 

0.0 

0.0 

30 

0.0 

0.5 

0.0 

40 

3.6 

2.8 

3.0 

50 

0.2 

7.5 

5.8 

60 

19.4 

20.4 

17.0 

70 

46.5 

38.3 

27.8 

SO 

66.2 

73.3 

65.0 

90 

82.8 

90.5 

71.2 

100 

93.2 

97.8 

81.8 

110 

99.0 

99.5 

86.5 

120 

99.5 

100.0 

94.0 

130 

100.0 

99.0 

150 

99.5 

6 
44.2 

4 
26.4 

4 

29  8 

1141 

929 

941 

T.\BLE  6 
Thrifty  trees 


P.ST....^XB 

ST.4MINATE 

UNION 

Seed.9 

per 

pound 

Germi- 
nation 
percent- 
age  . 

Real 
value 

Height 
of  seed- 
lings 

Seeds 

per 
pound 

Germi- 
nation 
percent- 
age 

Real 
value 

Height 
of  seed- 
lings 

Thrifty 

2661 
2142 
2400 

51.1 
54.2 
38.2 

1171 

1160 
917 

2.9 
3.0 
2.7 

2661 
3850 
3725 

51.1 
26.5 
34.3 

1171 
990 
1267 

2  9 

Suppressed 

Mistletoe 

1.9 
2.5 

Average 

2401 

47.8 

1083 

2.9 

3412 

37.3 

1143 

3.4 

The  data  from  the  preceding  tables  are  summarized  in  tables 
6  to  9,  which  are  based  on  the  flowers. 

The  effect  of  self-fertilization  and  that  of  cross-fertilization  is 
shown  in  table  9. 
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TABLE  7 
Suppressed  trees 


PISTILLATE 

8T.VMIN.4TE 

socncE  OF 

UNION 

Seeds 

per 

pound 

Germi- 
nation 
percent- 
age 

Real 
value 

Height 
of  seed- 
lings 

Seeds 

per 

pound 

Germi- 
nation 
percent- 
age 

Real 
value 

Height 
of  seed- 
lings 

Thrifty 

3850 
4246 
4233 

26.5 
20.0 
21.4 

990 
789 
905 

1.8 
1.9 
2.3 

2142 
4246 
4062 

54.2 
20.0 
25.1 

1160 
798 
1009 

3.0 

Suppressed 

1.9 
2.1 

4160 

22.6 

897 

2.0 

3483 

33.1 

989 

3.3 

TABLE  8 
Mistletoe  trees 


TABLE  9 
Effect  of  fertilization 


PISTILL.VTE 

ST.^MIN.^TE 

SOCHCE   OF 
UNION 

Seeds 

per 

pound 

Germi- 
nation 
percent- 
age 

Real 
value 

Height 
of  seed- 
lings 

Seeds 

per 

pound 

Germi- 
nation 
percent- 
age 

Real 
value 

Height 
of  seed- 
lings 

Thrifty 

3725 

4962 
4115 

34.3 
25.1 
22.9 

1267 
1009 
947 

2.5 
2.1 
2.3 

2400 
4233 
4115 

38.2 
21.4 
22.9 

917 
905 
947 

2.7 

Suppressed 

2.3 
2.3 

3967 

27.4 

1074 

2.3 

3583 

27.5 

923 

2.4 

CROSS-FERTILIZED 

SELF-FERTILIZED 

CH.IRACTEH  OF  TREE 

Seeds 

per 

pound 

Germi- 
nation 
percent- 
age 

Real 

value 

Height 
of  seed- 
lings 

Seeds 
pound 

Germi- 
nation 
percent- 
age 

Real 
value 

Height 
of  seed- 
lings 

Thrifty 

2276 
4128 
4320 

54.8 
20.7 
24.1 

1246 
854 
1041 

3.0 

1.8 
2.4 

2385 
4365 
3910 

47.3 
19.3 
21.8 

1098 
742 
852 

2.9 

Suppressed 

2.1 
2.3 

3575 

33.2 

1047 

2.4 

3553 

29.5 

897 

2.4 

RESULTS 

While  it  is  admitted  that,  because  of  tlie  few  trees,  the  small 
number  of  cones,  and  the  small  amount  of  seed  involved,  some 
decidcdlv   conflicting;  results  have  Ixvii   secured,   still   many  of 
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lli(»  (lata  Iktc  given  show  tliat  tlicrc  is  a  close  relationsliii) 
between  the  union  which  iiroduces  the  seed  and  the  value  of  the 
seed  for  nursery  practice. 

In  general,  the  cones  from  the  thrifty  trees  furnished  the 
larger  and  heavier  seed  no  matter  what  tree  furnished  the 
jxillen.  The  seed,  in  addition,  had  a  higher  germination  per- 
centage, a  higher  rate  of  germination,  and  possibly  a  higher 
real  value  to  the  i)ountl,  and  produced  taller,  heavier,  and 
stronger  seedlings.  Cones  fertilized  by  the  pollen  from  thrifty 
trees  also  had  the  same  relations. 

Trees  affected  with  mistletoe  had  half  as  many  more  seed  to 
the  pound  as  were  found  in  the  cones  on  thrifty  trees,  but  the 
germination  was  20%  lower  and  the  seedlings  were  not  as 
vigorous,  though  the  real  value  of  the  seed  was  about  the  same. 
•The  suppressed,  malformed,  and  diseased  trees  gave  the 
largest  number  of  seed  to  the  pound  and  this  seed  had  the  lowest 
germination  percentage,  were  the  lowest  in  real  value,  and 
produced  the  smallest  trees  in  the  nursery. 

It  would  appear  that  pollen  from  thrifty  trees  transmit  some 
of  the  parent's  characteristics  to  the  seed  which  it  fertilizes, 
for  the  seed,  the  germination  percentage,  and  the  real  value,  and 
the  seedling  growth  ijre  larger  when  the  cones  on  poorer  trees 
are  fertilized  with  it.  An  apparent  contradiction  is  shown 
when  pollen  from  poorer  trees  fertilizes  the  cones  of  thrifty 
trees,  but  this  difference  is  probably  due  to  the  greater  strength 
of  the  pistillate  flowers.  PolUen  from  insect-mfested  trees 
apparently  has  no  effect  on  the  seed  produced,  but  the  effect 
on  the  pistillate  flowers  of  the  infested  tree  is  not  known  from 
these  experiments. 

Cross-fertilization  is  to  be  desired  because  it  produces  larger- 
sized  seed,  greater  germination  powers,  higher  real  value  to  the 
pound,  and  better  growth  in  the  seedling  stage.  This  is 
apparently  true,  no  matter  whether  aj)plied  to  the  suppressed 
or  infested  trees  or  ai)plied  to  the  best  trees  in  the  stand. 
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APPLKWnON  IN  FORESTRY 

These  results  have  a  definite  and  immediate  bearing  on 
field  work.  A\Tiile  it  may  be  that  the  results  are  not  so  accurate 
that  one  can  say  definitely  what  would  happen  under  a  definite 
set  of  conditions,  there  are  indications  which  are  of  great  import 
in  timber  sale  work,  and  of  great  hnport  in  our  reforestation 
problems. 

It  appears  that  the  heaviest  seed  comes  from  the  best  trees. 
Seed  should,  therefore,  be  collected  from  the  thriftiest  trees,  and 
trees  that  are  located  in  stands  containing  much  mistletoe  or 
many  suppressed  trees  should  be  avoided,  for  the  pollen  trans- 
mits some  of  the  characteristics  of  the  parent  to  the  seed. 

Seed  should  not  be  collected  from  the  poorer  trees  and  infested 
trees  because  of  the  lower  value  of  the  seed  and  the  deterioration 
that  takes  place  in  the  quality  of  nursery  stock.  This  point 
should  be  impressed  more  that  it  has  been  on  those  collecting 
tree  seed,  for  three  difi"erent  collections  of  seed  by  Forest  Rangers 
on  the  Angeles  Forest  were  made  from  the  poorer  trees  because 
of  the  greater  ease  of  collection.  This  can  only  be  detrimental 
to  the  \'igor  and  growth  of  the  forest  grown  from  such  seed. 

While  there  is  relatively  little  difference  in  the  self-fertilized 
and  cross-fertilized  seed,  there  is  enough  to  show  that  in  any 
given  region  the  seed  should  be  collected  from  that  locality 
which  has  strong  winds  at  the  time  of  flowering  so  that  cross- 
fertilization  may  be  secured  so  far  as  possible. 

These  results  appear  to  show  tluit  in  timber-sale  practice 
only  thrifty  seed  trees  should  b(>  left,  and  all  diseased  and  suj-)- 
pressed  trees  .should  be  removed  in  order  to  secure  in  the  future 
the  best  possible  forest. 


BOOKS  AND  CURRENT  LITERATURE 

Vegetatiox  of  Cape  Bketox. — The  publication  of  this  thorough- 
going investigation  of  the  vegetation  of  northern  Nova  Scotia'  is  of 
interest  not  only  because  of  the  very  large  contribution  that  it  makes 
to  our  knowledge  of  the  plant  associations  of  eastern  North  America, 
but  also  because  it  presents  the  results  of  a  new  experiment  in  the 
anab'sis  and  description  of  vegetation  in  general.  The  -scheme  of 
classification  used  was  published  in  The  Plant  World  two  years  ago.^ 
At  the  time  it  seemed  to  the  reviewer  that  the  scheme  was  not  as  com- 
pletely genetic  as  some  others,  but  the  present  paper  shows  that  it 
certainly  makes  possible  a  clear  presentation  of  the  development  of 
the  vegetation  of  a  very  complex  region. 

Nichols  recognizes  two  "Climatic  Formations"  contributing  to  the 
vegetation  of  Cape  Breton.  The  Northeastern  Evergreen  Forest  For- 
mation dominates  the  interior  plateau  and  reaches  its  climax  in  the 
forests  of  balsam  fir,  white  and  black  spruce  and  paper  birch.  One 
interesting  edaphic  modification  of  formations  is  the  complex  known 
as  the  "barrens."  These  occur  on  better  grained  uplandsof  the  plateau 
and  develop  from  sedge-^rass  heath  to  dwarf  shrub  and  spruce  heath, 
or  to  "krumholz,"  or  scrub  forest  approaching  the  climatic  type  in 
composition.  In  the  poorer  drained  areas  the  black  spruce  and  alder 
predominate.  The  successions  in  ponds  and  lakes  from  aquatics  to 
flat  bogs  are  given  together  with  an  excellent  summary  of  the  origin, 
development  and  distribution  of  the  raised  bogs. 

The  lowlands  are  dominated  by  the  Deciduous  Forest  Formation, 
with  varying  ailditions  from  the  Evergreen  Forest.  The  dominant 
trees  in  the  climax  as.sociation  are  the  beech,  sugar  maple,  yellow  birch, 
balsam  fir,  hemlock  and  white  pine.  The  Xerarch  Series  of  associations 
includes  as.sociation  complexes  beginning  on  rock  outcrops  glacial  drift, 
talus,  rack  ravines,  headlands,  sea  beaches  and  dunes.  The  Hydrarch 
Series  of  associations  includes  those  of  well  drained  and  poorly  drained 
lakes,  swamps  and  stream  margins;  also  those  of  salt  and  brackish 

'  Nichols,  G.  E.     The  Vegetation  of  Northern  Cape  Breton   Island,   Nova 
Scotia.    Trans.  Conn.  Acad.  .\rts  and  Sci.     22:  249-467.     June,  1918. 
'■  Nichols,  G.  K.     Plant  World.     20:  .305-319,  341-.3.5.3.     1917. 
14.5 
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lakes  and  marshes.  This  list  is  sufticiL-iit  evidence  of  the  complexity 
of  the  vegetation  and  the  space  of  this  review  is  quite  inadequate  to 
depict  even  the  important  details  of  the  paper. 

This  paper  should  be  read  bj^  all  students  of  vegetation,  and  is  to  be 
commended  for  its  clearness,  the  evident  accuracy  of  the  plant  lists 
(including  bryophytes  and  lichens),  and  the  admiral )le  discussion  of 
climatic  and  edaphic  conditions. — E.  N.  Tr.\nse.\u. 

Physiology  of  the  M.\xgrove. — The  results  of  two  sunmiers  of 
laboratory  and  field  work  on  the  red  mangrove  (Khizophora  mangle) 
have  been  pubhshed  by  Dr.  H.  H.  M.  Bowman  of  Heidelberg  University, 
Tiffin,  Ohio.i  The  work  was  done  in  Florida  under  the  auspices  of 
the  Department  of  Marine  Biology  of  the  Carnegie  Institution.  The 
morphological  and  histological  characteristics  of  stem,  root,  leaf  and 
flower  arc  described  in  detail,  and  the  copious  literature  relating  to 
this  tree  is  reviewed  in  connection  with  each  topic.  The  most  original 
features  of  Bowman's  work  have  to  do  with  the  transpiration  of  seed- 
lings and  the  biochemistry  of  the  hypocotyl. 

The  seedlings  used  for  transpiration  work  were  placed  in  water,  in 
wet  sand  or  in  mud,  the  water  being  changed  daily.  The  readings 
were  made  by  means  of  cobalt  chloride  paper,  dried  in  a  desiccator  and 
applied  with  an  appropriate  cUp.  No  temperature  readings  were  taken, 
although  of  great  importance  in  calibrating  results  by  this  method, 
and  the  author  made  no  attempt  to  render  his  results  comparable  with 
those  for  other  plants  by  availing  himself  of  the  method  of  standardizing 
the  paper  to  a  water  surface,  as  described  by  Livingston  in  1913.=  Seed- 
lings were  placed  in  rain  water,  in  five  mixtures  of  rain  and  sea  water — 
with  increasing  percentages  of  the  lattei- — and  in  pure  sea  water.  The 
tiiues  i-equired  for  the  same  color  change  in  the  cobalt  chloride  paper 
ranged  from  1.6  minutes  in  rain  water,  through  progressively  increasing 
periods  for  the  mixtures  to  4.1  minutes  for  sea  water,  indicating  that 
transpiration  is  over  two  and  a  half  times  as  great  in  fresh  water  as  in 
sea  water.  Determinations  were  made  in  sun  and  in  shade,  as  well 
as  in  different  substrata,  but  as  separate  results  for  the  various  .series 
are  not  given  the  question  arises  as  to  why  they  were  made.  By  use 
of  the  same  method  the  transpiration  llnouuli  tlie  Icnticels  of  the  crop 

'  Howinan,  H.  H.  M.  Kcolony  aiul  i.hysiolngy  of  the  red  manp:rove.  Proc. 
.\incr.  Phil.  Soc.  66:  .5SiM)72,  pis.  4-9,  1917. 

=  Livingston,  B.  K.  The  rcsistanco  olTcrccl  by  leaves  to  transpiiMtional  wafer 
loss.     The  Plant  Wmhl  16:  l-.V),  l'.)i:i. 
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roots  wa.s  infasiircd  in  ti-ccs  growing  in  fresh  atiil  in  salt  water  indicating 
a  more  rapid  I'atc  in  tlic  fornior  case. 

Biochemical  work  was  done  to  test  the  rehitioii  hetwoen  the  amounts 
of  tannic  acid  and  dextrose  in  the  hypocotyl  of  seedlings  at  different 
stages  of  growth  after  leaving  the  parent  tree.  No  definite  decrease 
of  tannin  was  discovered  with  the  increasing  amounts  of  dextrose,  and 
no  evidence  of  the  presence  of  tannase  was  secured. 

The  field  work  carried  out  established  the  fact  that  the  mangrove 
reaches  its  optimum  development  in  .sea  water,  in  spite  of  its  facultative 
behavior  with  i-espect  to  the  salinity  of  its  stibstratum. — Forre.st 
Shreve. 


NOTES  AND  COMMENT 

The  utilization  of  the  national  forests  as  grazing  grounds  has  assumed 
an  importance  which  is  very  great  even  in  comparison  with  the  primary 
purpose  of  these  forests.  The  necessities  of  the  last  two  years  have 
made  it  desirable  to  stock  the  areas  under  government  control  as 
heavily  as  possible  without  endangering  their  future  value.  The 
methods  by  which  the  ranges  are  controlled,  and  the  complex  problem 
of  utilizing  the  natural  crop  of  forage  without  destroying  its  ability  to 
recover,  have  received  extended  treatment  by  James  T.  Jardine  and 
Mark  Anderson  in  a  recent  bulletin  of  the  Agricultural  Department 
(No.  790). 

The  deleterious  effects  of  overgrazing  have  been  avoided  by  a  care- 
ful regulation  of  the  number  of  cattle  or  sheep  allowed  to  graze  on  a 
given  area,  and  by  a  careful  fixing  of  the  periods  during  which  the  range 
is  utilized,  especially  with  respect  to  keeping  animals  off  in  the  early 
spring.  The  careful  locating  of  salting  places  has  been  found  to  result 
in  a  better  distribution  of  the  stock  over  large  areas,  and  has  resulted, 
in  some  cases,  in  making  it  possible  to  increase  the  ntmilier  of  cattle 
by  25%  in  a  four  year  period. 

All  of  the  methods  by  which  overgrazing  is  detected,  and  by  which 
the  capacity  of  the  range  is  estimated  and  its  comlition  determined 
from  time  to  time,  afford  one  of  the  most  noteworthy  cases  in  which  a 
valuable  practical  ai)plication  has  been  made  of  sonic  of  the  findings 
of  plant  ecology.  Little  is  said  by  Jardine  and  Aiulcrson  aljout  the 
effects  of  grazing  on  forest  reproduction,  a  matter  which  is  quite  as 
important  as  the  perpetuation  of  the  range  itself,  and  is  well  known  to 
be  receiving  its  due  share  of  attention. 

(;ra|)c  growing  is  llie  sul)ject  of  a  new  Rural  .Manual  issued  by  t!ie 
Macmillan  Comiiany  under  the  authorship  of  Professor  l'.  P.  Iledrick 
of  the  Kxperiment  Station  at  Geneva,  New  York.  The  i>ook  describes 
the  propagation,  pruning,  training  and  diseases  of  the  grape,  the  manage- 
ment of  vineyards,  tiie  methods  of  making  grape  juice  and  raisins,  and 
some  historically  interesting  matter  relative  to  the  niaking  of  wines. 
The  leading  American  varieties  of  grapes  are  described  and  illustrated. 
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The  most  inlcrcsting  general  IVature  of  the  !)o()k  i.s  a  dcseiiption  of  the 
grape  growing  regions  of  the  United  States  and  tiieir  climatic  features. 
The  narrowly  localized  character  of  the  grape  industry  in  New  York, 
Ohio  and  California  is  shown  to  be  due  to  topographic  features  which 
assure  a  long  growing  season  and  a  sunny  summer. 

E.  Blatter  and  !■'.  llalilnTg  are  puMisliing  in  the  .Journal  of  the 
Bombay  Natural  History  Society  (Vol.  20)  a  Flora  of  the  Indian  Desert. 
Their  annotated  list  of  species  is  given  additional  importance  by  the 
insertion  of  numerous  illustrations  of  vegetation  in  the  little  known 
and  extremely  arid  states  of  Jodhpur  and  .laisalmer,  in  the  western 
Hajliutana.  Extended  areas  of  moving  sand  are  extremely  poor  in 
vegetation.  The  prevailing  open  stand  of  low  bushes  is  chiefly  made 
up  of  species  of  Lepladenia,  Frosopis,  Acacia,  and  Aerna.  In  moist 
situations  the  characteristic  trees  are  Salvadora,  Gymnosporia,  Capparis 
and  Zizyphus. 
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SUNLIGHT  AND  ITS  MEASUREMENT 

HOWARD  E.  PULLING 

Wellcsley  College,  Wclles-lcy,  Mass. 

The  term  "sunlight"  appUes  strictly  only  to  that  portion  of  the 
sun's  radiation  that  is  capable  of  producing  sensations  of  light  in 
man.  Although  it  cannot  be  said  that  only  this  portion  affects 
plants  it  undoubtedly  presents  a  greater  share  of  today's  botanical 
problems  than  any  other  portion  of  the  sun's  spectrum.  For 
this  reason  the  peculiar  difficulties  presented  by  the  ultra-violet 
and  inl'ra-red  portions  are  largely  omitted  in  the  following  dis- 
cussion. The  first  part  of  this  paper  is  intended  as  a  brief,  non- 
technical statement  of  our  present  knowledge  concerning  the 
distril)ution  and  the  amount  of  energj'  in  the  incoming  radiation 
from  the  sun.  The  second  part  only  outlines  the  complex  subject 
of  the  measurement  of  the  sun's  radiation  but  it  is  hoped  that  the 
notes  on  some  of  the  necessary  precautions  of  manipulation  and 
interpretation  attending  the  use  of  the  various  methods  will  be 
helpful.  From  the  standpoint  of  the  expert  in  these  fields  the 
treatment  of  some  methods  is  unnecessarily  detailed  and  that  of 
others  too  fragmentary  to  serve  as  a  guide  for  beginners.  Since 
it  is  out  of  the  question  to  prepare  such  a  guide  in  the  form  of  a 
journal  article  the  author  has  been  guided  in  his  selection  by  two 
considerations:  the  state  of  knowledge  of  many  graduate  students 
in  biology  regarding  the  interpretation  of  data  secured  by 
methods  that  plant  physiologists  and  ecologists  have  used; 
the  author's  intention  to  direct  attention  to  some  of  the  ad- 
vantages, disadvantages  and  peculiarities  of  other  methods  in 
the  hope  that  the  beginner  will  be  induced  to  become  really 
familiar  with  a  method  before  publishing  data  secured  by  its 
use  and  will  not  adhere  to  the  belief  that  if  an  instrument  is 
well  built  the  user  need  onlj^  consider  the  scale-readings.  A 
short  literature  fist  is  added  to  indicate  the  locations  of  some 
of  the  more  thorough  discussions  of  the  important  points. 
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I.  SOLAR  RADIATION 

As  botanisis  we  are  but  little  concerned  with  the  origin  and 
maintenance  of  the  sun's  radiation  as  a  subject  for  investigation. 
Unless,  however,  the  fundamentals  cff  the  subject  are  grasped 
our  reasoning  and  measurements  are  quite  hkely  to  lead  to 
wholly  erroneous  botanical  generahzations ;  a  misfortinio  that 
is  realized  in  practically  all  our  texts  in  plant  physiology. 

Radiation  is  produced  by  vibrations  of  small  particles,  atoms 
or  electrons,  called  radiators  for  brevity.  An  increase  in  tem- 
perature (absorption  of  energy)  increases  the  rates  of  vibrations 
of  these  radiators,  increasing  their  output  of  energy  and  the 
frequency  with  which  they  vibrate.'  Thus  the  intensity  of 
radiation  is  increased  and  the  wave  length  shortened.  Several 
laws,  of  which  Wien's,  Stefan's  and  Planck's  are  the  most 
general,  connect  the  temperatures  of  certain  t^^^es  of  radiating 
bodies  with  measurable  features  of  their  spectra.  From  these 
laws-  the  temperature  of  a  Kirchoff  radiator  (so-called  "black 
body, "  i.e.,  a  uniformly  heated  enclosure  radiating  by  tempera- 
ture only)  that  would  approximately  reproduce  the  sun's  spec- 
trum has  been  calculated.  Such  a  calculation  leads  to  a  tem- 
perature of  about  6000°  absolute,  which  is  often  erroneously 
stated  to  be  approximately  equivalent  to  the  sun's  actual 
temperature. 

Since  we  have  little  accurate  knowledge  concerning  the 
original  character  of  the  radiation  in  the  sun's  interior  (this 
original  spectrum  is,  of  course,  considerably  altered  in  passing 
tln-ough  the  cooler  outer  layers  of  the  sun)'  and  since  chemical 

'  See:  Preston,  T.,  The  theory  of  heat.    2nd  ed.  New  York,   1S94. 

Idem.    The  theory  of  light.     New  York,  1895. 

Wood,  K.  W.,  Physical  Optics.     New  York,  1905. 

Drude,  P.,  Lehrbuch  der  Optik.  2te  Aufl.  Leipzig,  1906.  Or  any  other  good 
text  dealing  with  radiation. 

=  See,  for  example,  Preston's  Heat  (cited  in  note  1).  A  good  account  is 
given  by  Lewis,  W.  C.  McC,  .\  system  of  physical  chemistry.  Vol.  2,  pp.  359- 
542.     New  York,  1916. 

»  A  brief  discussion  is  given  by  Abbot,  C.  G.,  .Vnn.  .Vstrophys.  Obs.  Smith- 
sonian Inst.  3:  12;  139;  194-202.  1913;  Idem.  The  sun's  energy  spectrum  and 
temperature.  Astrophys.  J.  34:  197-208.  1911;  Idem.  The  sun.  New  York, 
1911. 
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action  probably  plays  a  coiivsiderablc  part  in  producing  short- 
wave radiation  without  necessitating  temperature  increases  of 
the  magnitudes  required  by  the  radiation  laws  mentioned 
above,  it  seems  clear  that  the  actual  temperature  of  the  sun 
maj'  be  far  above  or  far  below  the  figure  given.  However, 
it  also  seems  clear  that  changes — even  local — in  the  sun's  tem- 
peratiu-e  or  translocations  of  chemicallj^  active  material,  both 
of  which  occur,  may  alter  the  sun's  spectrum  both  in  total 
energy  and  in  distribution  of  energy.  The  terrestrial  signifi- 
cance of  these  solar  changes  cannot  be  stated  as  yet  but  it 
appears^  that  there  are  two  general  processes  operating;  long 
term  \'ariations  (measured  in  months  or  years)  in  the  effective 
temperature  of  the  sun,  altering  the  total  energy  and  its  spectral 
distribution;  short  term  changes  (perhaps  measurable  in  days) 
in  transparency  of  the  outer  envelopes  of  the  sun  which  probably 
affect  chiefly  the  shorter  waves. 

Since  the  intensity  of  radiation  received  at  the  earth  from 
any  gi\-en  luminous  point  on  the  sun  varies  inversely  as  the 
squai-e  of  the  distance  intervening  it  follows  that  the  energy 
incident  upon  a  given  area  of  the  earth's  surface  will  vary  with 
the  time  of  year  (?'.e.,^with  changes  in  the  earth's  distance  from 
the  sun)  from  this  cause  alone  to  produce  a  maximum  difference 
of  about  five  per  cent.  Accordingly,  astro-physicists  alter  their 
radiation  figures  to  those  that  would  be  correct  if  the  earth's 
orbit  was  a  circle  with  radius  equal  to  the  average  distance 
from  the  sun  to  the  earth's  present  orbit.  iSince  the  total 
energy  content  of  the  sun's  spectrum  must  vary  with  changes 
in  the  sun,  the  "solar  constant"  (the  number  of  15°  calories 
received  as  radiation  from  the  sun  upon  an  area  of  1  sq.  cm. 
in  one  minute  at  equatorial  sea  level  with  the  sun  90°  above  all 
points  on  the  horizon  and  the  earth  at  its  mean  orbital  dis- 
tance from  the  sun  if  all  the  earth's  atmosphere  were  removed) 
should  vary  Hkewise,  as  is,  indeed,  the  case.^     The  mean  solar 

*  Abbot,  C.  G.,  F.  E.  Fowle  and  L.  B.  Aldrich,  On  the  distribution  of  radiation 
over  the  sun's  disk  and  new  evidences  of  solar  variability.  Smithsonian  Misc. 
Coll.  66:  Xo.  5.     1916. 
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constant"  of  radiation  is  at  present  taken  to  be  1.93  calories 
per  sc}uare  centimeter  per  minute,  but  the  variations  even  from 
day  to  day  are  distinctly  noticeable.  For  example^  the  solar 
constant  for  August  19,  1913,  is  given  as  1.86  calories,  whereas 
the  next  day  it  appeared  to  be  1.99  calories. 

Before  passing  to  a  discussion  of  the  distril)ution  of  energy 
in  the  sun's  spectrum  it  seems  necessary  to  consider  the  dis- 
tinction between  prismatic  and  normal  spectra,  for  the  discussion 
and  graphs  to  follow  are  based  upon  the  latter.'' 

Imagine  a  beam  of  light  emitted  by  radiators  of  such  numbers 
and  kinds  that  only  waves  between,  let  us  say,  0.4u  and  0.8m 
are  produced  and  that  the  intensity  of  radiation  is  the  same  for 
all  wave  lengths,  thus  rendering  the  character  of  the  radiation 
as  simple  as  possible.  Imagine  this  beam  to  be  passed  through 
an  instrument  that  deflects  the  radiation  of  each  wave  length 
along  a  line  at  right  angles  to  their  conmion  path,  the  degree 
of  deflection  being  proportional  to  the  wave  length,  and  that 
the  instrument  does  nothing  else  whatsoever  to  the  radiation. 
Suppose  further  that  this  beam  is  projected  upon  a  screen  to 
form  a  colored  spectrum,  wliieh  will  be  visible  as  a  band.  The 
total  energy  incident  upon  the  screen  in  unit  time  will  thus  be 
exactly  equal  to  the  energy  that  would  have  been  transmitted 
to  the  screen  in  the  same  time  if  the  instrument  had  done  nothing 
whatever  to  the  beam,  i.e.,  the  beam  has  lost  no  energy  through 
deflection  of  the  waves.  Since  the  deflection  is  proportional  to 
the  wave  length  and  the  energy  transmitted  in  the  wave  lengths 
were  originally  all  equal  it  follows  that  equal  areas  in  the  illumi- 
nated portion  of  the  screen  receive  equal  amounts  of  energy  in 
unit  time.  In  other  words,  if  the  positions  of  the  wave  lengths 
were  marked  on  the  screen  as  abscissas,  and  corresponding 
ordinates  were  erected  whose  lengths  are  proportional  to  the 
intensities  of  radiation  on  unit  screen  areas  at  se\Tral  jioints,  a 
line  joining  their  tops  would  be  straight  and  i)arallel  to  the  base. 
Such  a  spectrum,   with  dispersions  proportional  to  the  wave 

'  Abbot,  C.  G.,  Pyrheliometry  and  solar  radiation.  Science  N.  S.  47:  009- 
610.     1918. 

"  Haly,  E.  C.  C,  Spectroscopy.     New  York,  190"). 

Kayscr,  H.,  Handbuch  der  Spectroscopic.     Hd.  10.     Leipzig.  1900. 
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lengths,  is  called  a  normal  spectrum  and  a  graph  of  the  particular 
one  just  considered  to  show  its  energy  distribution  is  exliibited 
in  figure  I. 

If,  howe\'er,  the  beam  were  passed  through  a  prism  the  dis- 
persions would  not  be  in  the  same  }:)roportion  for  all  wave  lengths 
with  the  result  that  the  radiation  of  the  longer  wave  lengths 
would  be  more  concentrated  toward  one  end  of  the  spectrum 
and  that  of  the  short  wave  portion  would  be  spread  over  a 
greater  area  than  in  a  normal  spectrum  of  the  same  beam.     The 
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Fig.  1.  Graphs  of  the  distribution  of  energy  in  an  hypothetical  beam  of  light 
when  obtained  from  prismatic  and  normal  spectra  that  cover  the  same  area  on 
the  screen.  Ordinates  represent  intensities  in  arbitrary  units;  abscissas,  rep- 
resenting wave  lengths,  are  noted  on  the  curves. 


graph  of  a  spectrum  of  the  beam  of  light  described  above  is 
shown  as  the  prismatic  spectrum  line  of  figure  1 .  The  apparently 
higher  energy  content  of  the  long  red  rays  relative  to  the  shorter 
blue  ones  is  now  seen  to  be  solely  due  to  the  fact  that  the  latter 
cover  approximately  nine  times  as  much  surface  on  the  hypothet- 
ical screen  as  the  former.     If  the  energy  content   at  each  wave 
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length  could  be  measured  separately  there  would  be  no  difference 
between  the  normal  and  prismatic  energy  spectra  for  the  energy 
is  not  redistributed  among  waves  of  different  lengths  by  the 
prism.  But  since  all  energy  measurements  are  made  by  ex- 
posing small  areas  to  the  incident  radiation,  the  crowding  of  the 
longer  waves  closer  together  than  the  others  gi\'es  data  that 
must  be  corrected  for  this  crowding,  the  amount  of  correction 
depending  upon  the  characteristics  of  the  actual  prism  used. 
Of  course,  if  the  energy  content  of  the  original  beam  had  not 
been  equally  distributed  among  the  waves  of  different  lengths 
the  normal  energy  spectrum  gi-ajjh  would  not  be  parallel  to  the 
base  as  in  the  case  above,  although  the  ordinates  would  measure 
the  relative  distribution  in  the  original  beam  correctlj-. 

It  is  at  once  obvious  that  no  idea  of  the  distribution  of  energy 
in  a  beam  of  light  can  be  directly  drawn  from  a  prismatic  energy 
graph,  or  from  measurements  upon  a  prismatic  spectrum.  If, 
however,  the  abscissas  of  the  graph  are  drawn  accurately  pro- 
portional on  a  sufficiently  large  scale  to  the  dispersions  actually 
encountered  (or  better  still  if  the  dispersions  themselves  are 
given),  coefficients'  may  be  obtained  by  which  the  prismatic 
graph  can  be  converted  into  a  graph  of  a  normal  spectrum  in 
which  equal  numbers  of  wave  lengths  cover  equal  areas,  i.e., 
the  dispersions  are  all  in  the  same  ratio  to  their  corresponding 
wave  lengths.  The  proper  coefficients  multipUed  into  the 
values  of  the  prismatic  energy  ordinates  of  figure  1  result  in 
the  graph  of  a  normal  spectrum  of  equal  total  energy  (equal 
areas  between  the  curves  and  the  same  base  line).  The  values 
of  these  coefficients  for  any  range  of  wave  lengths  will  depend 
upon  the  shai)e  and  nature  of  the  prism*  so  that  a  graph  of  the 
intensities  plotted  on  "a  prismatic  scale"  affords  no  clue  to 
the   actual   (listril)ution   of   energy   in   the    original   beam — the 

'  Those  limy  be  obtained  by  plotting  the  wave  lengths  as  abscissas  against 
the  distances  of  the  positions  of  these  wave  lengths  from  a  fixed  point  on  the 
base  line  of  the  actual  spectrum  chart.  The  trigonometrical  tangents  of  the 
angles  formed  by  the  intersections  of  tangents  drawn  from  points  on  the  curve 
to  the  base  line  of  the  chart  are  the  coefficients  desired. 

'  The  dispersion  data  used  in  tlie  construction  of  figure  I  were  obtained  from 
measurements  with  an  actual  60°  prism. 
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actual  prismatic  scale  (i.e.,  the  dispersions  encountered)  must 
be  given.  It  is  to  be  hoped  that  the  unintcrpretable  prismatic 
spectra  that  are  usuallj^  presented  in  biological  exposition  will 
be  abandoned  and  that  normal  energy  spectra  will  be  published. 

Because  selective  deductions  of  energy  occur  in  the  outer 
envelopes  of  the  sun,  thereby  producing  the  J'rauenhofer  lines, 
it  is  obvious  that  measurements  of  the  energy  distribution  in 
the  spectnmi  will  not  yield  a  smooth  curve.  Instead,  the 
graph  will  exhibit  many  irregularities  and  where  the  Frauen- 
hofer  lines  are  very  close  together  the  intensity  will  be  so  re- 
duced that  the  curve  will  exhibit  great  depressions,  as  is  the 
case  in  the  short-wave  portion. 

A  smoothed  graph  prepared  from  averages  of  a  large  number 
of  observations  is,  however,  useful  in  exhibiting  the  general 
form  of  the  energy  distribution  curve  without  the  distractions 
consequent  upon  the  simultaneous  presentation  of  the  irreg- 
ularities caused  by  absorption  in  the  outer  envelopes  of  the 
sun.  Such  a  cm've'  is  presented  in  figure  2,  drawn  to  normal 
scale.  It  is  evident  that  the  maximum  intensity  falls  very 
nearly  at  X  =  0.47^,  which  is  very  close  to  the  G  line  and 
about  where  blue  becomes  changed  to  indigo.  Since  the  "mean 
solar  constant"  is  ^ven  as  1.9.3  15°  — calories,  calculations  from 
a  measurement  of  the  area  enclosed  between  the  curve  and  its 
base  show  that  each  of  the  small  rectangles  in  the  figure  corre- 
sponds under  the  conditions  for  which  the  solar  constant  is 
defined  to  approximately  0.0294  calories.  From  this  value 
and  measurements  of  the  proper  ordinates  in  the  graph,  the 
energy  values  between  chosen  wave  lengths  may  be  rather 
readily  estimated.  As  has  been  noted  this  is  a  curve  of  averages, 
the  actual  curve  obtained  on  any  given  day  differs  from  it  to 
some  extent  both  in  total  area  enclosed  and  in  form. 

The  "solar  constant"'"  fluctuates  u-regularly,  values  of  from 

'  Abbot,  C.  G.,  The  sun's  energy  spectrum  and  temperature.  Astrophys. 
J.  34:     197-208.     1911. 

"•  The  term  "solar  constant"  has  obviously  proved  to  be  unfortunate  and 
before  a  larger  volume  of  literature  has  further  sanctioned  its  use  a  more 
accurately  descriptive  term  should  be  substituted. 
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about  1.8  to  about  2.0  have  been  recorded  almost  every  year. 
•'No  regular  periodicity  seems  to  appear,  but  the  values  often 
range  from  low  to  high  and  return  within  seven  to  ten  days. 
The  range  frequently  reaches  5%."''  Although  the  averages 
for  the  summers  durmg  which  measurements  were  made  agree 
very  closely  with  each  other,  as  table  1  indicates,  the  total 
range  of  fluctuation  (from  about  1.81  to  about  2.04)  is  approxi- 
mately 12%  of  the  "mean  solar  constant"  given  above. 


Solar  constant  values. 


TABLE  1 
Sutnmary:  1902-1912.    Ann.  Astrophys.  Obs.  Smithsonian 
Inst.,  table  U,  P-  IH,  vol.  S,  1913 


STATION 

..TK 

NUMBER 

OBSERVA- 
TIONS 

MEAN 

VALOB 

1902-1907 

1905,  June-October 

1906,  May-October 

1908,  May-November 

1909,  June-October 

1910,  May-November 

1911,  June-November 

1912,  June-August 

1909-1910 

1911,  September-November 

1912,  June-August 

37 

45 
61 

114 
95 
113 
109 
36 

4 

43 
39 

1.968 

1.956 
1.912 
1.936 
1.916 

1.921 
1.923 
1.945 

1.895* 

Bassour { 

1.913 
1.943 

•  This  value  becomes  1.923  if  the  results  are  changed  in  a  manner  that  the  au- 
thors believe  advisable. 

Regarding  the  changes  in  the  form  of  the  sohu-  energy  curve 
little  can  be  said  at  present.  The  evidence  seems  to  point 
to  a  variabiUty  in  the  shorter  waves  that  is  proportionally 
greater  than  for  longer  waves.'=  This  may  be  seen  by  comparing 
the  ordinatos  of  figure  2  with  those  of  figure  4,  the  maxinuim 
in  the  former  case  falling  at  wave  length  0.47/1  and  in  the  latter 
case  at   about   0.40«. 

"  Ann.  Astrophys.  Obs.  Sinitlisonian  Inst.  3:  119.     1913. 
"  Ann  Astrophys.  Obs.  Smithsonian.  Inst.  3:  131-133.     1918. 
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Turning  from  the  extra-terrestrial  influences  upon  the  sun's 
radiation  we  may  consider  the  much  more  profound  alterations 
induced  within  the  earth's  atmosphere.  The  absorption  of 
certain  wave  lengths  to  a  greater  degree  than  others  renders 
some  non-luminous  objects  colored,  while  others  that  absorb 
only  those  waves  lying  outside  the  visible  spectrum  remain 
colorless  to  our  eyes  although  they  absorb  energy.  In  this 
way   the   constitutents  of  the  atmosphere  produce  lines  and 
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Fig.  2.  Smoothed  graph  of  the  energy  distribution  in  a  normal  spectrum  of 
the  sun's  radiation  outside  the  atmosphere. 


bands  in  the  sun's  spectrum  for  the  same  reason  and  in  the 
same  way  that  the  Frauenhofer  lines  are  produced.  Rowland" 
gives  about  440  atmospheric  lines,  exclusive  of  those  caused  by 

"  Rowland,  H.  A.,  A  preliminary  table  of  solar  spectrum  wave  lengths. 
Astrophys.  J.  1:  29-46;  131-145;  222-231;  295-304;  377-392.  1895;  2:  45-54;  109- 
118 ;  188-197 ;  306-315 ;  360-369.  1895 ;  3 :  141-146 ;  201-206 ;  356-373.  1896 ;  4 :  106- 
115;  278-287.  1896;  5:  11-25;  109-118;  181-193.  1897.  Corrections  and  additions 
to  Professor  H.  A.  Rowland's  table  of  solar  spectrum  wave  lengths.  Astrophys. 
J.  6:384-392.     1897. 
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water  vapor,  between  wave  lengths  0.47^  and  0.76ix;  the  shortest 
wave  length  unquestionably  absorbed  in  our  atmosphere  in 
this  region  is  given  at  0.58Gm  and  is  a  water  vapor  band.  In 
addition  to  these  there  is  probably  some  absorption  in  the  ultra- 
violet, and  a  great  deal  of  absorption  in  the  infra-red. 

The  great  majority  of  these  absorption  bands  are  so  narrow 
that  their  effects  are  similar  to  those  of  the  Frauenhofer  lines. 
At  wave  lengths  greater  than  0.67/i,  however,  wide  terrestrial 
absorption   bands  occur. '^    An  idea   of  the  position  of  these 
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Fig.  3.  Graphs  of  the  effects  of  some  atmospheric  constituents  upon  solar 
radiation. 


bauds  and  their  relative  energy  absorption  may  he  gained 
from  figure  3  which  was  obtained  by  converting  a  gra]jh  by 
Fowle"  to  normal  scale.  The  data  for  the  various  bands  in 
table   2   were   taken   from    Fowle's   paper.     A   number   of   fine 

"  Fowle,  F.  E.,  The  transparency  of  aqueous  vapor.  Astrophys.  J.  42: 
394-111.     191.''.. 

Paschcn,  F.,  Uebcr  die  Emission  der  Gase.  .\nn.  Phj'sik.  Chera.  (X.  F.) 
52:  209-237.    1894. 


SUNLIGHT   AND    ITS    MEASUREMENT  161 

aqueous  lines  between  O.'hion  and  O.OoO^x  produce  a  depression 
not  shown  in  this  gi-aph  but  whose  effect  may  be  noted  by  the 
decreased  transmission  shown  in  the  upper  graphs  of  figure  3. 
It  will,  of  course,  be  evident  that  the  absorption  in  the  water 
vapor  bands  will  increase  and  decrease  with  changing  atmos- 
pheric contents  of  water  so  that  the  areas  of  the  corresponding 
dejiressions  in  the  curve  will  change  likewise. 

The  effect,  of  water  vapor  upon  the  incoming  radiation  is,  of 
course,  dependent  upon  the  total  amount  of  vapor  through 
which  the  beam  passes.  This  amount  of  vapor  is  usually  stated 
as  the  number  of  centimeters  of  "precipitable"  water,  i.e.,  the 
depth  of  water  that,  when  evaporated  into  a  vertical  column 
of  air  of  the  same  cross  section,  would  produce  the  amount  of 
vapor  that  would  actually  be  encountered  between  the  observing 
station  and  the  Umit  of  the  atmosphere  in  a  cylinder  of  the  same 
cross  section.  There  is,  however,  no  simple  relation  by  which 
vapor  pressure  determinations  at  the  level  of  the  observing 
station  can  be  converted  into  equivalent  values  for  depths  of 
precipitable  water  because  air  currents  produce  unknown  changes 
in  the  moisture  content  of  the  air  above  the  level  at  which  the 
determinations  are  made. 

Em])irical  expressions  have  been  formulated  by  Hann''  and 
by  Humphrej's'"  to  express  the  mean  or  average  relation  be- 
tween these  two  quantities."  At  elevations  above  sea  level 
allowances  must  be  made  for  altitude.'^ 

'^  Ilann,  .J.  von,  Lehrbuch  der  Metereologie.  3te  Aufl.  224-220.  Leipzig, 
191.5. 

'^  Humphreys,  W.  J.,  The  amount  and  vertical  distribution  of  water  va])or 
on  clear  days.     Bull.  Mt.  Weather  Obs.  4:  121-128.     1911. 

'Mf  the  depth  of  precipitable  water  vertically  above  a  station  at  sea  level  is 
denoted  by  Qn  and  the  prevailing  vapor  pressure  in  centimeters  of  mercury  at 
the  same  sea  level  station  by  eo,  the  usual  form  of  the  expression  connecting  them 
is  Qo  —  Kco,  in  which  K  is  an  empirical  constant.  Hann  found  K  =  2M,  while 
Humphreys  takes  it  as  2.0  for  "clear  days." 

"  For  a  discussion  of  this  question  and  a  more  accurate  method  for  determining 
precipitable  water  see  Fowle,  F.  E.,  The  spectroscopic  determination  of  water 
vapor.     Astrophys.  J.  35:  149-162.     1912. 

Idem  ibid.  Ann.  .\strophys.  Obs.  Smithsonian  Inst.  3:  171  ISl.  1913.  lliid. 
The  determination  of  the  aqueous  vapor  above  Mount  Wilson.  .Vstrophys. 
.1.    37:  359-372.     1913. 

Idem.  ibid.     Ann.  Astrophy.s.  Obs.  Smithsonian  Inst.    3:  182-193.     1913. 
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For  convenience  in  interpreting  figure  3,  vapor  pressures  cor- 
responding to  1,  2,  3  and  4  cm.  of  precipitable  water  at  sea 
level  and  at  1780  meters  are  given  in  table  3,  using  both  Hann's 
and  Humphreys'  constants.  Data  showing  the  effects  of  \-arious 
amounts  of  water  in  the  atmosphere  abo\'-e  two  different  stations 
in  selectively  absorbing  radiation  are  given  in  table  5. 

The  oxygen  bands,  A  and  B  and  the  two  small  bands,  wi  and 
wi,  are  practically  constant  in  area  at  any  given  station  and 

TAHLE  2 

Atmospheric  absorption  bands 


SVMBO. 

WAVE  LENGTH 

MAXIMUM 
ABSORPTION 

ABSORBING  SUB- 
STANCE 

STMBOL 

WAVE  LENGTH 

OP 

MAXIMUM 

ABSORPTION 

ABSORBING  SUB- 
STANCE 

B 

0.69  m 

Oxygen 

<t> 

1.13m 

Water  vapor 

a 

0.72  m 

Water  vapor 

'I' 

1.42m 

Water  vapor 

A 

0.76  m 

Oxygen 

n 

1.89  m 

Water  vapor 



0.81m 

Water  vapor 

ui 

2.01m 

Unknown 

par 

0.93  m 

0)2 

2.05  m 

Unknown 

T.\BLE  3 

Relation  of  surf  ace  vapor  press^ire  to  amount  of  precipitable  water 


VAPOR  PRESSUHB   IN  MILLIMETERS  OF  MERCURY 


Hanu 


4.4 
8.7 
13. 0 
17.4 


5.0 
10. 0 
15.0 
20.0 


At  1780  meters 


Haon 


5.3 
10.5 
15.8 
21.0 


6.3 
11.8 
17.6 
23.6 


data  showing  the  extent  of  their  influences  are  also  given  in 
table  5. 

There  are  two  carbon  dioxide  bands  extending  from  3.0m 
to  0.4m  and  from  13.0m  to  16.0m"  but  an  inspection  of  figure  2 
evidences  that,  because  the  positions  of  these  bands  are  in  re- 

'•  Angstrom,  K.,  Ueber  die  Bedeutung  des  Wasserdampfes  und  der  Kohlen- 
siiure  bei  der  Absorption  der  Erdatmosphare.     Ann.  Physik.  (4)  3:  720-732.    1900. 

Idem.  Ueber  die  Abhiingigheit  der  Absorption  der  Gase,  besonders  dor  Kohlcii- 
saure,  von  der  Dichte.     Ann.  Physik  (4)  6:  103-173.     1901. 
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gions  of  such  low  energy  content,  the  efTect  of  carlion  dioxide 
in  diminishing  the  incoming  nKhution  to  the  earth  is  of  no 
importance. 

Nitrogen  and  hydrogen  apparently  have  no  bands. 

.Another  source  of  possible  deduction  of  energy  lies  in  the 
absorption  of  energy  in  chemical  reactions  in  the  atmosphere. 
If  such  reactions  do  occur  they  appear  to  be  hmited  to  the  ultra- 
violet portion  of  the  spectrum  where  the  energy  is  removed 
from  the  solar  beam  by  transformations  of  ozone  and  oxygen.-" 
It  is  verj-  difficult  to  arri\-e  at  a   satisfactory   notion    of    the 


Ratios  of  transmitted 

to  scattered  radiation 

FRADENHOFER  LINE 

c 

D 

bo 

F 

Ratio  calculated  by  Rayleigh 

25 
25 

40 
35 

63 
60 

80 

Ratio  observed  on  Mount  Wilson 

77 

magnitude  of  this  effect  since  it  occurs  probably  only  in  the 
outermost  portions  of  the  gaseous  envelope.  The  ultra-violet 
radiation  seems  to  be  extremely  effective  in  producing  nucleation 
of  the  air,-'  Saltrtlarsh  for  example,  stating  that  nuclei  were 

2°  Kron,  E.,  Uber  die  Extinction  des  Lichtes  in  der  Erdatmosphare  fiir  das 
Ultraviolet.     Ann.  Physik  45:  377-398.     1915. 

2'  Arrhenius,  S.,  Ueber  den  Einfluss  der  Sonnenstrahlung  auf  die  elektrisclien 
Erscheinungen  in  der  Erdatmosphare.     Meteor.  Zeit.  5:  297-304.     1888. 

Elster,  J.,  and  H.  Geitel,  Beobachtungen  des  atmospharischen  Potential- 
gefalles  and  der  ultravioletten  Sonnenstrahlung.  Sitzungsber.  Math.-\at. 
CI.  Ksl.  Akad.  Wien,  101.     Abt.  2A:  703-856.    1892. 

Wilson,  C.  T.  R.,  On  the  condensation  nuclei  produced  in  gases  by  the 
action  of  Rontgen  rays,  Uranium  rays,  ultra-violet  light,  and  other  agents. 
Phil.  Trans.  Roy.  .Soc.  192:  403-453.     1899. 

liarus,  C,  The  nucleation  of  the  uncontaminated  atmosphere.  Carnegie 
Inst.  Wash.  Pub.  40.     1906. 

Idem.  tJber  die  Verteilung  der  Kondensationskeriie  in  staubfrier  Luft,  und 
viber  ihre  Beobachtungsmethoden.     Ann.  Physik.  (4)  24:  225-242.     1907. 

Idem.  Condensation  of  vapor  as  induced  by  nuclei  and  ions.  Carnegie 
Inst.  Wash.  Pub.  62.     1907. 

Idem.  Condensation  of  vapor  as  induced  bj'  luiclci  and  ions.  Carnegie 
Inst.  Wash.  Pub.  96  (Part  2).     1910. 

Saltmarsh,  Maud,  Experiments  on  condensation  nuclei.  Proc.  Phvs.  .Soc. 
London  27:  357-370.     1915. 
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TABLE  5 

Losses  from  the  solar  beam  in  the  earth's  atmosphere 


sun's  approximate  altitude 

90° 

31° 

19°28' 

14°29' 

11°32' 

8°13' 

1^ 

*3 

1- 

o 

1% 

1^ 

o 

Ji 

■1- 

o 

i-s 

(1. 

•3 

•3 
8-2 

u 

jl 

Mt.  Wilson,  alt.,  1780  meters;  barometer,  62.3  cm.     Total  incoming  radiation 
1.93  gm.  cal. 


0.00  cm. 

Air  scattored  . 

Air  absorbed. . 
0.33  cm. 

H2O  scattered. 

HuO  absorbed. 
0.50  cm. 

H2O  scattered. 

H2O  absorbed . 
1.00  cm. 

HjO  scattered. 

H2O  absorbed. 
2.00  cm. 

HjO  scattered. 

H2O  absorbed. 


Total  lost 0.43  22.0 


0.15 
0.01 


0.02 
0.11 


0.03 
0.12 


0.04 
0.15 


0.09 
0.18 


0.28 
0.01 


0.02 
0.13 


0.03 
0.15 


0.08 
0.17 


0.13 
0,21 


0.38 
0.01 


0.04 
0.14 


0.06 
0.16 


0.10 
0.19 


0.19 
0.23 


0.47 
0.02 


0.04 
0.15 


0.06 
0.17 


0.12 
0.20 


0.21 
0.24 


0.94 


3.1 


49 


0.54 
0.02 


0.04 
0.16 


0.07 
0.18 


0.13 
0.21 


0.25 
0.24 


0.66 
0.02 


0.05 
0.17 


0.08 
0.19 


0.15 
0.22 


0.28 
0.25 


1.21 


34.2 
1.0 


2.6 
8.8 


7.8 
11.4 


14.5 
13.0 


63.0 


Washington  (dust  included  under  water  vapor),  alt.,  10  meters;  barometer,  76.0 
cm.     Total  incoming  radiation  1.93  gm.  cal. 


0.00  cm. 

Air  scattered 

Air  absorbed 

0.5  Feb.  15. 

HjO  scattered. . 

H2O  absorbed. . . 
1.8  Oct.  4. 

H2O  scattered. . , 

H20  absorbed. . . 
2.4  May  14 

H2O  scattered. . . 

HaO  absorbed . . . 


Total  lost. 


0.18 
0.01 


0.08 
0.12 


0.26 
0.1 


0  ;is 

0.16 


9.3 

0.33 

17.1 

0.5 

0.01 

0.5 

4.1 

0.15 

7.8 

6.2 

0.13 

6.7 

13.5 

0.42 

21.8 

7.8 

0.16 

8.3 

0.44 
0.01 


0.21 
0.14 


0.53 
0.16 


!i  (1(1  (;; 
;()  I.- 


22.8 
0.5 


10.9 
7.3 


27.5 
8.3 


0  53 
0.01 


0.26 
0.14 


0.61 
0.14 


27.5 
0.5 


13.5 
7.3 


31.6 
7.3 


I  7(1  7138.3 

7  N(i  1  II  7.3 


0.73 3,s  (I  I  (i(i 


0.61 
0.01 


0.30 
0.14 


0.67 
0.13 


0.78 
0.13 


I   JTi.iidl    I.' 74.0  1.5379.0  1.6786.0 


31.6 
0.5 


15.5 
7.3 


34.7 
7 


40.4 
6.7 


0.73 
0.01 


0.37 
0.14 


0.74 
0.11 


0.83 
0.10 


37.8 
0.5 


19.2 
7.3 


38.3 
5.7 


43.0 

5.2 
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produced  in  50  cm.  of  atmospheric  air.  Ionization  of  the  air 
remo\'es  some  energy  from  the  solar  beam  and  appears  to  be  of 
direct  phj'siological  importance.-- 

Besides  the  effects  so  far  considered,  which  occur  at  rather 
isolated  portions  of  the  spectrum,  there  is  another  effect  that 
is  common  to  all  radiation  but  varies  in  degree  from  wave 
length  to  wave  length:  the  "scattering"  of  the  radiation  by 
the  gases  of  the  atmosphere  to  which  is  attributed  the  blue 
color  of  the  sky.-^  Briicke^^  and  Tyndall^'^  produced  artificial 
skies  in  tubes  by  forming  clouds  by  gaseous  chemical  reactions. 
As  the  particles  became  larger  and  larger  the  color,  at  first 
azure  blue,  assumed  a  whitish  cast  indicating  that  the  particles 
were  so  large  that  they  reduced  the  light  by  regular  reflection. 
Rayleigh'-"  came  to  the  conclusion  that  the  blue  color  is  produced 

"  Spochr,  H.  A.,  Variations  in  respiratory  activity  in  relation  to  sunlight. 
Bot.  Gaz.  59:  366-386.     1915. 

"  Nichols,  E.  L.,  Theories  of  the  color  of  the  sky.  Phys.  Rev.  26:  497-511. 
1908. 

'*  Briicke,  E.,  Ueber  die  Farben  whelche  triibe  Medien  in  auffallenden  und 
durchfallenden  Licht  zeigen.     Pogg.  Ann.  88:  363-385.     1913. 

"  Tj'ndall,  J.  On  the  blue  colour  of  the  sky,  the  polarization  of  skylight  by 
cloudy  matter  generally.     Proc.  Roy.  Soc.  London  17:  223-233.     1868. 

"  Rayleigh  (J.  W.  Strutt).  On  the  light  from  the  sky,  its  polarization  and 
colour.     Phil.  Mag.  (4)  41:  107-120;  274-279.     1871. 

Idem.  On  the  scattering  of  light  by  small  particles.  Phil.  Mag.  (4)  41: 
447^54.     1871. 

Idem.  On  the  transmission  of  light  through  an  atmosphere  containing  small 
particles  in  suspension  and  on  the  origin  of  the  blue  of  the  sky.     Phil.  Mag. 

(5)  47:  375-384.     1899. 

Burton,  C.  V.,  Scattering  and  regular  reflection  of  light  by  gas  molecules. 
Phil.  Mag.  (6)  29:  62.5-636.     1915;  (6)  30:  87-105.  1915. 

The  somewhat  e.xtensive  controversy  regarding  the  ability  of  gas  molecules 
to  scatter  light  seems  to  be  settled  by  recent  e.xperiments  on  the  subject,  see: 

Strutt,  R.  J.,  Scattering  of  light  by  dust  free  air,  with  artificial  reproduction 
of  the  blue  sky — Preliminary  note.  Proc.  Roy.  Soc.  London  9iA:  453-459. 
1918. 

Idem.  The  light  scattered  by  gases;  its  polarization  and  intensity.  Proc. 
Roy.  Soc.  London  95A:  1,"),5-176.     1918. 

Wood,  R.  W.,  The  scattering  of  light  by  air  molecules.  Pliil.  -M;ig.  (0)  36: 
272-273.     1918. 

Strutt,  R.  J.,  The  scattering  of  light  Ijy  air  molecules.  Phil.  Mag.  (6)  36: 
320-321.     1918. 

Larinor,  J.,  The  princijjle  of  molecular  scattering  of  radiation.     Phil.  Mag. 

(6)  37:  161-163.     1919. 
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by  the  molecules  of  the  air  and  not  by  larger  particles  suspended 
in  the  atmosphere,  and  calculated  that  the  effect  of  these  mole- 
cules upon  the  light  varied  inversely  as  the  fom-th  power  of  the 
wave  length.  In  table  4  are  given  calculations  wliich  Ray- 
leigh  made  for  the  ratios  between  the  intensities  in  a  direct 
beam  of  sunhght  and  those  of  skyhght  near  some  of  the  Frauen- 
hofer  Unes,  together  with  some  of  the  ratios  obtained  by  Abbot-' 
on  Mount  \Miitney. 

The  calculations  upon  which  Rayleigh's  figures  are  based 
assume  that  there  is  no  other  effective  constituent  of  the  at- 
mosphere besides  the  permanent  gases.  This  is,  however, 
not  true  in  any  actual  case  for,  besides  dust  there  is  always 
a  certain  amount  of  water  vapor  present.  It  has  been  found-' 
that  water  in  the  atmosphere  besides  exerting  selective  ab- 
sorption at  certain  regions  of  the  spectrum  also  scatters  light. 
This  effect  of  atmospheric  water  vapor  increases  as  the  wave 
length  decreases  so  that  if  its  effect  is  added  to  the  intensity 
of  the  du-ect  beam  of  sunhght,  the  observed  figures  in  table 
4  will  still  more  closely  approximate  those  calculations.  The  de- 
crease in  the  ratios  at  about  the  D  line  is  at  least  partly  ex- 
plainable by  the  presence  in  that  region  of  a  number  of  fine 
aqueous  lines  located  between  the  limits  of  about  0.535yu  and 
about  0.650^.  A  graph  exhibiting  the  non-selective  transmission 
by  different  depths  of  precipitable  water  is  given  in  figure  3 
and  was  plotted  from  Fowle's  data.  The  abscissas  signify 
wave  lengths  and  the  ordinates  the  percentages  of  the  radiation 
transmitted  in  a  direct  beam  from  zenith  sun.  The  depression 
near  O.dO/x  indicates  the  selective  absori)tion  in  the  fine  lines 
mentioned  above. 

Dust  in  the  air  reduces  the  transmitted  energy  by  the  amount 
it  absorbs  and  the  amount  it  reflects  outward  into  space.  The 
particles  of  dust  are,  however,  so  large  relati\-e  to  the  wave 
length  of  Ught  that  they  do  not  scatter  the  radiation  as  molec- 

2'  Ann.  Astrophj's.  Obs.  Smithsonian  Inst.  2:  156.     190S. 
"Fowle,  F.  E.,  The  non-selective  transmissibility  of  radiation  llirough  dry 
and  moist  air.     Astrophys.  J.  38:  392-100.     1913. 
Idem  as  cited  in  note  14. 
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iilur  ilispersions  do,  but  reflect  it  by  rc'^ular  reflection.  The 
sk}'  in  consequence  of  the  presence  of  dust  assun:kes  a  whitish 
tinge  indicating  that  the  Hght  is  regularly  reflected  from  one 
particle  to  another  so  that  although  it  is  reduced  in  quantity 
bj'  the  tune  it  reaches  the  observer  the  light  is  of  much  the 
same  quality  as  that  originally  incident  upon  the  dust  particles. 
This,  however,  is  not  the  whole  story  with  regard  to  dust  or 
particles  of  water,  such  as  may  be  contained  in  clouds.  There 
are  a  number  of  things  to  be  taken  into  consideration  in  attempt- 
ing to  estimate  these  effects.  In  the  first  place  many  of  the 
dust  particles  may  be  electrical  conductors  and  if  this  is  the 
case  they  would  not  behave  with  respect  to  Hght  as  do  non- 
conductors (as  are  the  permanent  gases  of  the  air)  since  the 
light  is  electro-magnetic  in  nature.  Changes  in  surface,  shape, 
etc.,  of  conducting  dust  i)articles  will  make  large  changes  in 
their  optical  properties.-"-' 

The  whole  question  of  the  color  of  transmitted  radiation 
through  suspended  particles,  large  with  respect  to  the  wave 
length  of  the  radiation  considered  is  compUcated.  If  light  is 
incident  on  a  body  that  is  not  absolutely  opaque  some  light 
is  reflected  at  the  surface,  some  is  absorbed  in  the  interior, 
some  is  reflected  ffom  the  interior  back  to  the  surface  again 
(again  suffering  some  absorption)  and  the  remainder  is  trans- 
mitted. The  hght  reflected  from  the  first  surface  may  be 
of  all  incident  wave  lengths  or  the  body  may  exhibit  i^elective 
reflection  as  is  the  case  with  copper,  gold,  some  aniline  dyes, 
etc."  If  the  body  has  very  httle  depth  (as  water  droplets 
in  clouds,  very  fine  dust  particles,  etc.)  the  internally  re- 
flected light  is  generally  neghgible.  Reflected  hght  is  affected 
not  only  by  the  internal  reflections  but  also  by  the  relative 
index  of  refraction  of  the  substance  with  respect  to  that  of  the 

"  Sec,  for  example,  Garnott,  J.  C.  "SI..  Colours  in  motril  glasses  and  in  me- 
tallic films.     Phil.  Trans.  Koy.  Soc.  London  203A:  3S.')^20.     1904. 

Idem.  Colours  in  metal  glasses,  in  metallic  films,  and  in  metallic  solutions. 
Phil.  Trans.  Roy.  Soc.  London  205A:  2:57-2S,S,     190G. 

"  Wood,  K.  \V.,  Physical  Optics,  Chap.  14;  Preston,  Theory  of  light;  cited 
in  note  1.  A  brief  exposition  will  be  found  in  Burton,  E.  F.,  The  physical 
properties  of  colloidal  solutions,  Chap.  5.     London,  I91G. 
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luediuni  in  wliicli  it  is  inmiorsed  (Ju  the  case  of  dust,  clouds, 
etc.,  this  immersing  medium  is  air),  for  absorbing  substances 
have  a  high  refractive  index  on  the  red  side  of  the  absorption 
band  and  a  low  refractive  index  on  the  blue  side  so  that  a  spec- 
trum of  the  reflected  light  will  be  brightest  on  the  red  side  of 
the  absorption  band.  If  the  small  particles  are,  however, 
large  with  respect  to  the  wave  length  of  light  the  intensity  of 
the  reflected  or  scattered  light  increases  with  increasing  wave 
length  and  in  addition  varies  as  the  square  of  the  diameter  of 
the  particles.  Thus  the  transition  from  extremely  small  par- 
ticles that  scatter  the  light  inversely  as  the  fourth  power  of 
the  wave  length,  to  those  of  microscopic  size  affords  an  enormous 
range  of  possibihties.'"  This  last  statement  concerning  the 
influence  of  the  size  of  particles  and  the  wave  length  of  light 
may  be  put  into  one  algebraic  expression  that  indicates  the 
necessary  existence  of  some  wave  length  of  the  radiation  (not 
necessarily  in  the  visible  spectrum)  for  which  the  scattered 
radiation  has  the  greatest  intensity.  There  is  also  to  be  taken 
into  account,  in  the  case  of  radiation  that  is  transmitted  through 
a  body,  the  relative  dispersions  of  this  Ijody  and  the  medium 
in  which  it  is  immersed.^- 

From  this  very  brief  and  fragmentary  statement  it  is  obvious 
that,  from  the  point  of  view  of  prediction,  little  can  be  said 
concerning  the  total  effect  upon  -radiation  of  the  atmosphere 
at  any  gi\-en  time.  This  is  not  only  true  because  our  knowledge 
of  the  precise  conditions  make  the  inaccuracy  of  such  state- 
ments inevitable,  but  also  because  of  the  difficulty  of  drawing 
quantitative  inferences  (and  in  the  case  of  color,  predictive 
statements  must  necessarily  be  quantitative)  from  the  very 
complex  equations  that  would  be  necessary  to  include  all  the  con- 
ditions encountered.  However,  it  may  be  found  that  the  complex 
conditions  in  nature  actually  exhibit  relatively  simple  indicative 

"  Mie,  G.,  Beitriige  zur  Optik  triiber  Medien,  speziell  Kolloiilalcr  Metal- 
losungen.     Ann.  Pliysik  (4)  26:  377-^5.     1908. 

"  Wood's  Optics,  cited  in  note  1. 

Christiansen,  C,  Untersuchungen  uber  die  optischen  eigenschaftcn  von 
fein  vertheiltcn  Korpern.     .A.nn.  Physik  23:  298-306.     1884. 

Garnelt,  cited  in  note  29. 
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cliaracters  because  of  the  laws  uiulcr  which  tlie  pheiioinona 
are  produced,  so  that  once  we  are  enabled  to  recognize  these 
characters  we  may  be  able  to  draw  sufficiently  accurate  con- 
clusions regarding  the  effects  of  the  entire  complexes. 

For  example,  Abbot"  found  that  the  high  volcanic  dust  en- 
countered in  the  late  summer  of  1912  reduced  the  intensity  of 
the  direct  beam  of  the  sun  by  as  much  as  20%  and  yet  the  effect 
on  the  various  portions  of  the  spectrum  was  very  nearly  the 
same  for  all  wave  lengths  in  the  visible  spectrum.  It  does  not 
follow  that  this  will  be  true  for  all  dust  clouds.  In  the  article 
referred  to  just  above,  Abbot  quotes  .\rago  to  the  effect  that 
in  the  year  1831  the  volcanic  eruptions  reduced  the  intensity 
of  the  light  very  greatly  and  the  sun  was  exhibited  to  the  un- 
aided eye  as  azure,  greenish  or  emerald.  The  s*ne  diversity 
in  the  character  of  the  radiation  in  a  cloudy  sky  may  be  ob- 
served frequently,  some  clouds  appearing  reddish  while  neigh- 
boring ones  are  perhaps  deep  blue. 

Finally  it  may  be  noted  that  the  upper  surfaces  of  fog  clouds, 
as  distinguished  from  the  high  cirrus  clouds,  apparently  re- 
flect aliout  6.5  %  of  the  radiation  incident  upon  them  so  that 
by  reflection  alone  such  clouds  reduce  the  intensity  of  the 
radiation  reaching  the  earth  by  about  65%.'^ 

The  discussion  may  be  concluded  with  a  statement  of  the 
average  (so  far  as  experience  goes)  effects  of  the  conditions 
that  hav^e  been  mentioned. 

Losses  from  incoming  solar  energy  occur  in  seven  ways: 

(1)  General    scattering    by    the    permanent    gases    of    the 
atmosphere. 

(2)  General  scattering  by  water  vapor. 

(3)  Selective   (banded)   absorption  by  the  permanent  gases. 

(4)  Selective  (banded)   absorption  by  water  vapor. 

(5)  Absorption  and  reflection  by  clouds. 

(6)  Absorption  and  reflection  by  dust. 

(7)  Absorption  in  chemical  reactions. 

It  is  at  once  evident  that  the  effect  of  each  of  these  conditions 

"  Ann.  .\strophys.  Obs.  Smithsonian  Inst.  3:   21().     1913. 
"  Ann.  Astrophys.  Obs.  Smithsonian  Inst.  2:  136-1 15.     1908. 
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increases  with  the  amovnit  of  the  effective  substance  between 
the  observer  and  the  sun,  that  is  to  say,  the  effect  increases  not 
only  with  the  increase  in  concentration  of  effective  material 
per  unit  distance  along  the  path  of  the  light  beam,  but  also  with 
the  total  distance  traversed  by  the  light  beam  through  the 
atmosphere  with  any  given  concentration  of  effective  material. 
The  general  scattering  and  selecti\'e  absorption  due  to  the 
gas  molecules  will  increase  as  the  density  of  the  atmosphere 
increases  and  with  a  longer  path  of  the  light  rays  through  the 
atmosphere.  It  will  thus  vary  with  the  altitude,  with  baro- 
metric pressure  at  the  same  altitude,  and  with  the  time  of  day 
and  the  time  of  year  at  the  same  altitude  and  with  the  same 
barometric  pressure. 

The  general  scattering  and  selective  absorption  produced 
by  water  vapor  will  vary  with  the  changes  in  the  total  amount 
of  water  vapor  in  the  atmosphere  between  the  earth  and  the 
sun,  with  the  time  of  day  and  the  time  of  year. 

The  dust  effects  will  vary  with  the  composition,  shape,  size, 
etc.,  of  the  dust  particles  and  the  position  of  the  sun  with 
reference  to  them  and  to  the  observer. 

So  little  is  known  of  the  effects  of  clouds  that  a  smnnuiry 
of  their  possible  effects  may  be  omitted. 

The  graphs  in  figure  4  illustrating  the  total  energy  reaching 
the  earth  in  the  smi's  radiation  are  self-e.x[)lanatory  and  may 
serve  as  an  integrated  summary  of  that  portion  of  the  fore- 
going discussion  that  considers  the  effects  of  the  altitude  of 
the  observer,  the  sun's  altitude  above  the  horizon,  the  general 
scattering  by  the  permanent  gases  and  by  water  vapor,  the 
irregular  contour  of  the  sun's  energy  curve  outside  the  atmos- 
phere and  the  constant  shifting  of  the  maxinnun  intensity  to- 
ward the  longer  waves  as  the  sun's  altitude  decreases.  Table 
5  indicates  the  manner  in  which  these  losses  are  distributed 
between  the  permanent  gases  of  the  atmosphere  and  the  water 
vapor  for  different  amounts  of  the  latter  and  for  different  alti- 
tudes of  the  sun  above  the  horizon.  It  may  be  noted  that  the 
graphs  are  averages  of  a  number  of  indi\'idual  determinations 
of  the  sun's  energy  and  that  variations  from  this  distrilnitinii 
are  to  be  expected. 


Fig.  4.  Graphs  exhibiting  the  effect  of  the  length  of  atmospheric  path  upon 
solar  radiation.  The  upper  curve  in  each  set  of  graphs  is  that  for  extra-atmos- 
pheric radiation;  the  others  are  for  radiation  with  the  sun  at  Ihe  altitude 
marked  on  the  graph. 

(To  he  conliniifit)  , 
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THE  ROLE  OF  TEMPERATURE  IN  THE  DETERMINA- 
TION OF  THE  TRANSPIRING  POWER  OF  LEAVES 
BY  HYGROMETRIC  PAPER 

EDITH  BELLAMY  SHREVE 

Desert  Laboratory,  Tucson,  Arizona 

In  the  investigation  of  the  transpiration  of  plants  there  are 
obvious  advantages  in  being  able  to  determine  the  rates  of  water 
loss  from  the  leaves  of  entire  plants  growing  in  the  soil  or  in  their 
natural  habitats,  as  contrasted  with  the  use  of  severed  shoots  or 
potted  plants.  This  advantage  has  led  Livingston  to  revive  the 
cobalt  chloride  method  of  Stahl,  in  which  dried  slips  of  paper 
impregnated  with  this  salt  are  placed  next  to  the  leaf  and  the 
time  is  observed  which  is  required  for  the  change  from  blue  to 
pink.  Livingston'  has  improved  the  technique  of  Stahl's  method 
and  has  provided  for  the  standardization  of  the  readings  secured 
by  ascertaining  the  time  recjuired  for  the  color  change  over  a  free 
water  surface.  A  further  improvement  in  the  method  has  been 
made  by  Livingston  and  Shreve-  in  the  devising  of  a  tripartite 
slip,  in  which  pieces  of  paper  of  two  .shades  of  fixed  blue  are 
placed  alongside  the  piece  which  is  .subject  to  color  change.  The 
attainment  of  a  uniform  color  change  in  all  tests  is  thereby 
ensured. 

One  of  the  greatest  problems  in  employing  this  useful  method 
has  arisen  from  the  important  influence  that  temperature  has 
upon  the  rate  of  absorption  of  moLsture  by  cobalt  chloride. 
The  solution  of  this  problem,  with  the  exception  of  one  difficulty, 
has  been  given  by  Livingston  and  Shreve.'  This  difliculty  is 
described  by  them  as  follows: 

'  Livingston,  B.  E.,  The  resistance  offered  by  leaves  to  transpirational  water 
loss.     PlantWorld,  16:  1-35.     1913. 

-  Livingston,  B.  E.  and  Shreve,  E.  B.,  Improvements  in  the  method  for  de- 
termining the  transpiring  power  of  plant  surfaces  by  hydromctric  paper.  Plant 
World  19:  287-309.     1916. 

•  Livingston,  B.  E.  and  Shreve,  E.  B.,  Idem. 
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It  should  also  he  oinphasized  that  ....  the  whole  method  of 
standardized  hygroinetric  paper  slips  ....  is  based  on  the 
supposition  that  the  papers  lying  upon  the  plant  leaves  are  under  the 
influence  of  the  temperature  of  the  air  about  the  plant  ....  as 
soon  as  leaf  temperature  can  be  measured  conveniently  it  will  be  neces- 
sary to  employ  these  readings  instead  of  those  taken  on  a  thermometer 

simply  exposed  beside  the  plant Even  such  a  procedure 

as  this  may  eventually  require  correction,  for  the  temperature  influence 
exerted  upon  a  slip  lying  upon  a  leaf  and  covered  by  a  glass  plate  must 
be  determined  by  the  temperatures  of  leaf  and  plate  together. 

The  role  of  loaf  temperature  in  the  deteriuination  of  the  trans- 
spiring  power  of  leaves  has  two  aspects,  one  being  the  part  played 
by  the  temperature  of  the  slip  in  the  calculations  which  must  be 
performed  to  determine  the  index  of  transpiring  power,  and  the 
other  being  the  effect  produced  on  the  transpiring  power  of  the 
leaf  by  any  change  in  the  leaf  temperature  which  may  be  caused 
by  the  application  of  the  clip.  This  paper  is  concerned  only  with 
the  first  one  of  these  aspects. 

The  work^  of  A.  L.  Bakke,  Aleita  Hopping  and  of  S.  F.  Tre- 
lease  and  B.  E.  Livingston  has  shown  that  the  times  of  color 
responses  of  the  cobalt  paper  are  inversely  proportional  to  the 
maximum  vapor  pressures  of  water  corresponding  to  their  re- 
spective temperatures.  Consequently  it  is  very  important  that 
the  temperature  of  the  cobalt  slip  be  known  when  the  test  is  taken. 

A  convenient  method  for  the  determination  of  leaf  tempera- 
turess  has  now  been  worked  out  and  a  slight  modification  of  it 
has  made  it  possible  to  measure  the  temperature  of  the  slip  as  it 
lies  on  the  leaf  surface  covered  by  slip  and  glass  plate. 

Figure  1  represents  the  glass  clip,"  which  is  used  to  hold  the 
tripartite  slips  on  the  leaf,  carrying  a  small  thermo-couple  (a,  b) 
on  the  inside  of  one  plate.  The  wires  are  fastened  to  the  plate 
by  means  of  a  i)iece  of  gunnned  cloth  (c)  pasted  to  the  outside. 

■'  For  references  see  Livingston  and  Shreve,  loc.  cit.  p.  298-9. 

*  Shreve,  E.  B.  A  thennp-electrical  method  for  the  detcrinination  of  leaf 
temperatures.     Plant  World  22:  100-104,  1919. 

"  For  the  original  description  of  the  clip  see  Livingson,  B.  R.  The  resistance 
offered  by  leaves  to  transpirational  water  loss.     Planl  \\'orld  16:  S.     191.3. 
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The  tripartite  slip  is  placed  lietween  the  glass  and  wire,  so 
that  the  thennal  junction  comes  next  to  the  leaf.  On  the 
outside  a  rectangular  hole  is  cut  in  the  guninied  cloth  so  that  the 
tripartite  slip  can  be  seen  from  the  outside  as  usual.  The 
thermal-couple  is  made  of  copper  and  "Ideal"  wires,  both  being 
no.  40,  the  piece  of  soldering  at  the  junction  being  no  thicker 
than  the  wires.  The  wires  have  such  a  small  diameter  that  the 
glass  clip  fits  practically  as  tightly  as  without  it.  The  gal- 
vanometer and  other  parts  of  the  apparatus  for  determining  the 
temperature  have  been  previously  described  in  detail.' 


Fig.  1.  Upper  and  lower  views  of  cobalt  chloride  clip  showing  arrangement 
for  use  of  thermo-couple. 

Tests  were  made  on  widely  different  types  of  plants,  growing 
both  in  the  greenhouse  and  in  the  open.  The  clip,  arranged  as 
in  fig-ure  1,  was  placed  on  the  leaves  and  left  there  while  the 
cobalt  paper  turned  from  the  hght  to  the  dark  standard  blue  and 
the  temperature  was  read  every  ten  seconds  during  this  time. 
Tables  1  and  2  give  samples  of  the  results  obtained.  The  tem- 
perature of  the  slip  departs  somewhat  from  the  air  temperatm-e 
by  ditTcrent  amounts  according  to  the  species  of  plant,  time  of 
day  and  the  atmospheric  and  soil  conditions.  However  the 
greatest  departure  from  air  temperature,  as  read  by  a  mercury 
thermometer,  which  appeared  in  all  the  1»ests  was  1.5°C.  and  this 
occurred  only  for  temperatures  above  28°C. 

'  Shreve,  E.  B.,  loc.  cil.     1919. 
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Following  is  a  list  of  plants  for  which  indices  of  transpiring 
power  have  been  calculated,*  using  first  the  temperatures  as 
read  from  a  shaded  mercury  thermometer  standing  in  the  foliage 
of  the  plant,  and  second,  the '  temperatures  obtained  by  the 
thermo-couple.  In  the  second  case  the  reading  which  showed 
the  maximum  difference  from  air  temperature  was  always  used. 

GROWING  IX  THE  OPEN  GROWING  IN  POTS 

Encelia  farinosa  Encelia  farinosa 

ProKopis  velutina  Lantana  sp. 

Fouquieria  splendens  Poinsellia  sp. 

Amaranlhus  palmeri  Phascolus  sp. 

Bahia  absinthifolia  Rumcx  hymenosepalus 

Streptanthus  arizonicus  Nasturtium  sp. 

Malva  borealis  Ricinus  officinale 

Tradescantia  sp. 
Amaranlhus  palmeri 
Streptanthus  arizonicus 

In  no  case  does  the  second  result  differ  from  the  first  more  than 
lO'/f,,,  and  in  the  majority  of  cases  it  is  under  2';^.  Now  the 
maximum  difference  between  the  indices  of  10  different  leaves  of 
the  same  apparent  age  on  the  same  plant  is  frequently  o\-er  20*^0 
and  never  under  10%.  Consequently  this  work  has  established 
the  fact  that  the  temperature  of  the  air  may  be  safely  used  for 
the  temperature  of  the  cobalt  slip.  .\  sample  of  the  results  is 
given  in  table  3. 

It  is  of  course  just  ashnportant  to  know  whether  or  not  the  air 
temperature  may  be  used  instead  of  the  temperature  of  the  slip, 
in  the  calculations  for  the  standardization  of  the  slips  over  a 
porous  evaporating  surface.  By  fastening  the  thermal  couple  to 
a  microscopic  slide  in  the  same  maimer  that  it  is  fastened  to  the 
glass  of  the  spring  cli])  in  figure  1,  the  temperature  of  the  sli])  as  it 
lies  over  the  evaporating  surface  was  read.  The  porous  evapo- 
rating surface  used  was  similar  to  the  iMie  described  by  Livingston 
and  Shrevc'-'  with  the  exception  that  a  thermometer  bulb  was  not 
inserted  in  the  side.     In  table  4  are  gl\'en  the  times  re(iuired  for 

'  For  nipthod  of  calculation  sec  Livingston  and  Shrpve,  loc.  cit.  p.  .'JOG.     191G. 
"Livingston  and  Shrove,  loc.  cit.  p.  2'.'>\.     I'.)l(i. 
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the  slips  to  make  their  color  change  at  20°C.  when  calculated  from 
temperatures  obtained  from  the  thermal  couple  touching  the 
slip,  and  from  a  mercury  thermometer  hung  near  the  apparatus. 
Temperatures  were  thus  read  for  sli])s  from  18°C.  to  27°C. 
at  one  degree  intervals,  the  readings  being  made  every  ten 
seconds.  In  table  -4  appear  representative  examples  of  these 
readings.  In  order  to  discover  the  effect  which  the  differences 
of  temperature  sliown  in  the  tables  will  have  upon  the  calcula- 

TABLE  2 

Deparlure  from  air  temperature  shown  by  cobalt  slips  when  resting  on  plant  leaves 

and  covered  by  a  glass  clip.     Plants  growing  in  open  in  situ. 


H  " 

K 

DIPFEBENCE  FROM  AIR  TEMPERATCRE 

3  O 

?  w 

OP  COBALT  SLIPS 

<  u 

«l 

AT  END  OF  SECONDS  INDICATED 

PLANT 

SCRPACE 

TIME 

B  a 

0.  « 

't  e 

l< 

§5 

10 

20 

30 

40 

50 

60 

°C. 

°c. 

f 

Upper 

11.00  a.m. 

27.4 

27.7 

0.0 

+0.1 

+0.7 

+0.7 

+0.7 

+0.7 

Lower 

11.30  a.m. 

29.0 

28.7 

-1.2 

-1.5 

-1.5 

-1.5 

-1.3 

-1.2 

Upper 

2.00  p.m. 

32.0 

32.0 

+  1.1 

+1.1 

+1.2 

+  1.0 

+0.9 

+0.7 

Lower 

2.10  p.m. 

31.9 

31.8 

-0.2 

-0.2 

-0.1 

0.0 

0.0 

0.0 

Encelia ' 

Upper 

4.00  p.m. 

26.1 

26.5 

+0.5 

+0.7 

+0.4 

+0.4 

+0.2 

+0.1 

Lower 

4.10  p.m. 

26.5 

26.3 

-0.1 

-0.2 

-0.2 

-0.1 

0.0 

-0.3 

Upper 

12.10  a.m. 

16.2 

16.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Lower 

12.15  a.m. 

16.2 

16.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Upper 

12.00  M. 

32.0 

32.2 

-0.1 

+0.7 

+0.8 

+0.8 

+0.8 

+0.8 

Lower 

12.0.5  p.m. 

32.2 

32.4 

-0.6 

-0.6 

-0.8 

-1.0 

-1.0 

-1.0 

Upper 

4.00  p.m. 

29.0 

29.0 

+0.2 

+0.2 

+0.2 

+0.2 

Fouquieria..  ■ 

Lower 

4.15  p.m. 

28.4 

28.5 

0.0 

-0.3 

-0.4 

-0.4 

-0.5 

Upper 

1.00  a.m. 

17.1 

17.0 

-0.1 

-0.3 

-0.3 

-0.2 

-0.2 

Lower 

1.10  a.m. 

16.5 

16.5 

-0.1 

-0.2 

-0.2 

-0.2 

-0.2 

tions  for  determining  the  transpiring  power,  it  is  necessary, 
first  to  find  the  effect  they  will  have  upon  the  standardization 
of  the  paper  over  the  porous  evaporating  surface,  and  second 
the  influence  the  differences  obtained  in  standards  will  have 
upon  the  index  of  transpiring  power. 

The  influence  upon  the  standardization  of  the  paper  is  shown 
in  table  5.  In  the  case  of  shp  no.  12,  the  color  change  was 
completed  in  thirty  seconds,  the  average  temperature  during  the 
interval  being  21.1°C\  and  of  the  slip  20.7°C.     By  the  use  of  the 
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Effect  of  using  air  lempcralui'C  instead  of  the  temperature  of  the  slip  in  the  cal- 
culations for  determining  the  index  of  transpiring  power  (T.  P.)  by  means  of  cobalt 
paper.  The  maximum  and  minimum  from  ten  leaves  is  given  in  each  case.  Pt.  I 
Encelia  farinosa  growing  in  the  open.  Pt.  II  Lantana  sp.  growing  in  pots  in  the 
greenhouse. 


°c. 

12  N 1 

Upper 
Lower 

0.11 
0.12 

0.08 
0.07 

0.11 
0.12 

0.08 
0.07 

26.5 
26.5 

6  a.m < 

Upper 
Lower 

0.14 
0.38 

0.10 
0.15 

0.14 
0.38 

0.10 
0.15 

21.5 
21.0 

8  a.m < 

Upper 
Lower 

0.84 
0.77 

0.73 
0.57 

0.85 
0.76 

0.72 
0.56 

27.5 
27.5 

10  a.m < 

Upper 
Lower 

0.51 
0.42 

0.15 
0.22 

0.47 
0.43 

0.14 
0.24 

35.2 
35.0 

12  M 1 

Upper 
Lower 

0.16 
0.24 

0.06 
0.06 

0.15 
0.27 

0.05 
0.06 

40.0 
40.0 

2  p.m I 

Upper 
Lower 

0.30 
0.53 

0.06 
0.37 

0.33 
0.55 

0.06 
0.38 

39.5 
39.5 

Part  11 

8  a.m < 

Upper 
Lower 

0.08 
0.35 

0.04 
0.28 

0.08 
0.34 

0.04 
0.28 

20.0 
20.0 

10  a.m < 

Upper 
Lower 

0.09 
0.85 

0.05 
0.41 

0.09 
.  0.84 

0.05 
0.41 

23.0 
23.0 

12  M 1 

Upper 
Lower 

0.05 
0.49 

0.05 
0.32 

0.05 
0.48 

0.05 
0.32 

28.5 
28.5 

2  p.m I 

Upper 
Lower 

0.04 
0.34 

O.W 
0.23 

0.04 
0.33 

0.04 
0.23 

29.0 
29.0 

4  p.m < 

Upper 
Lower 

0.07 
0.14 

0.05 
0.08 

0.07 
0.14 

0.05 
0.08 

28.2 
28.5 

12  N 1 

Upper 
Lower 

0.02(-) 
0.04 

0.02(- 
0.02 

n.iil 

0.02(-) 
0.02 

21.0 
21.1 
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table  of  ratios  furni.shed  by  Li\-iiijist()ii  and  ShreN-c,'"  it  niaj'  be 
calculated  that  the  time  for  the  slip  would  be  31.9  seconds  if  air 
temperature  is   used,  or  31.2  seconds  if  the  temperature  of  the 

TABLE  4 

Temperalures  of  tripartite  slips  lying  over  a  porous  evaporating  surface   compared 

with  the  temperature  of  the  air  in  the  immediate  vicinity.    Readings  taken 

in  a  small  closed  room 


Temperature 
Temperature 

Temperature 
Temperature 

Temperature 
Temperature 

Temperature 
Temperature 

Temperature 
Temperature 


air  by  mercury 
slip  by  thermo- 

air  by  mercury 
slip  by  thermo- 

air  by  mercury 
slip  by  thermo- 

air  by  mercury 
slip  by  thermo- 

air  by  mercury 
slip  by  thermo- 


thermometer 
couple 

thermometer 
couple 

thermometer 
couple 

thermometer 
couple 

thermometer 
couple 


TIME   INTERVAL   (SECONDS) 

> 

10 
21.0 

20 

30 

40 

60 

120 

21.1 

21.1 

21.1 

21.1 

21.2 

20.8 

20.7 

20.6 

20.5 

20.5 

20.5 

25.0 

25.1 

25.2 

25.4 

25.5 

25.3 

24.2 

24.1 

24.1 

24.0 

26.2 

26.2 

26.2 

26.2 

26.3 

26.0 

26.0 

26.0 

26.0 

26.2 

27.1 

27.1 

27.0 

27.1 

27.2 

27.5 

27.5 

27.4 

27.3 

27.3 

18.0 

18.1 

18.2 

18.2 

18.3 

17.9 

17.8 

17.8 

17.7 

17.7 

25 


TABLE  5 
Calculated  time  for  color  change  to  be  completed  at  20''C.  on  various  cobalt  slips 
using  (A)  the  temperature  of  the  air  as  read  by  a  mercury  thermometer,  and  (B) 
the  temperature  of  the  slip  as  determined  by  the  thermo-couple 


NUMBER  OF  SLIP 

- 

B 

seconds 

secoTidi 

12 

31.9 

31.2 

16 

32.9 

32.4 

18 

31.4 

31.9 

25 

31.8 

32.8 

48 

31.2 

30.5 

slip  is  used.  The  times  for  the  other  slips  were  calculated  in  the 
same  way.  The  effect  of  these  differences  in  the  results  of  the 
standardization,  upon  the  index  of  transpiring  power  is  shown 

">  Livingston  and  Shrevo,  loc.  cit.  p.  305.     1916. 
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in  table  6.  Numbers  liave  been  selected  which  will  show  the 
greatest  possible  variation  for  plants  and  then  used  A\ith  the  slip 
no.  25,  the  one  which  showed  the  greatest  difference  in  its 
standards.  Thus  if  .the  color  change  took  place  in  shp  no.  25 
in  a  given  plant  in  16  seconds  at  35°C.,  then  the  index  of  tran- 
spiring power  would  be  0.86  with  32.8  as  standard  and  0.83 
with  31.8  as  standard. 

By  reference  to  the  maxima  and  minima  for  transpiring  power 
given  in  table  3,  it  is  seen  that  the  error  obtained  by  using  the 
air  temperature  instead  of  the  temperature  of  the  slip  in  the 
standardization  over  a  porous  surface  is  entirely  negligible  in 
the  light  of  the  differences  which  are  obtained  on  the  plants 
themselves. 


TABLE  6 

Effect  upon  the  index  of  trniiitpiring  power  of  using  two  different  standardfi  for  the 
cobalt  slip,  the  differences  in  the  standards  having  been  obtained  by  the  use  of  (1) 
air  temperature,  (2)  temperature  of  the  slips 


TIME  FOR  COLOR  CHANGE  AT  TEMPERATURE   INDICATED 

16  seconds  at  35°C 

180  seconds  at  35°C 

16  seconds  at  15°C 

180  seconds  at  15°C 


SUMMARY 

1.  In  the  determination  of  the  index  of  transpiring  power  by 
trii)artite  cobalt  slips  no  error  requiring  consideration  is  intro- 
duced into  the  calculations  by  using  the  temperature  of  the  air 
immediately  surrounding  the  leaf  instead  of  the  temperature  of 
the  slip  itself. 

2.  In  the  standardization  of  the  tripartite  cobalt  slips  over  a 
porous  evaporating  surface  in  a  small  closed  room,  the  tem- 
perature of  the  air  near  the  apparatus  may  be  used  instead  of 
the  temiiorature  of  the  slip  itself. 
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Plant  Genetics. — A  recent  addition'  to  the  series  of  texts  from  the 
Botanical  Department  of  the  University  of  Chicago  indicates  by  its 
appearance  the  increasing  demand  from  students  in  biology  for  instruc- 
tion in  genetics.  The  purpose  of  the  book  can  be  judged  by  quotations 
from  the  preface.  "The  group  that  the  present  book  is  intended  to 
serve  pruuarily  comijrises  those  who  intend  to  make  botany  their 
profession  and  who,  although  not  as  j-et  speciahsts,  have  had  general 
training  in  the  fundamentals  of  botany.  Such  students,  for  example, 
are  commonly  found  in  the  last  undergraduate  year  or  the  first  grad- 
uate j^ear  of  their  work  with  no  distinct  purpose  to  become  geneticists, 
but  wishing  to  be  able  to  appreciate  the  important  current  work  in 
plant  genetics."  ....  "The  purpose  of  the  lectures  was  not  to 
develop  professional  geneticists,  but  merely  to  initiate  students  of 
botany  into  the  point  of  view  of  working  geneticists,  so  that  they  could 

appreciate    an    important    phase    of    botanical    literature 

There  was  no  attempt  to  give  a  complete  presentation  of  modern 
genetics,  but  rather  to  introduce  the  student  to  genetics  in  the  simplest 
way.  As  a  consequence,  for  pedagogical  reasons,  certain  perplexing 
facts  were  omitted,  while  others  were  slightly  adjusted  so  as  to  convey 
the  fundamental  ideas  without  confusion."  ....  "As  a  text- 
book ....  it  has  two  disadvantages:  (1)  it  is  avowedly  not 
exact  in  some  of  the  details;  (2)  it  is  adapted  definitely  to  young  bot- 
anists with  fairly  thorough  elementary  training.  The  excuse  for  the 
inexactness  of  certain  details  is  the  pedagogical  necessity.  The  prep- 
aration of  a  text  for  the  students  referred  to  is  explained  by  the  fact 
that  it  represents  a  very  important  group  which  has  not  been  provided 
for.  In  brief,  the  book  is  neither  a  technical  presentation  of  genetics 
nor  a  general  text,  but  a  course  of  general  lectures  adapted  to  a  special 
purpose." 

The  series  of  lectures  cmbotlicd  in  the  text  were  obviously  written 
from  the  standpoint  of  a  botanist.  In  the  first  part  of  the  book  the 
well-known  facts  and  theories  of  genetics  are  brieflj'  sketched  and  their 

'  Coulter,  John  M.  and  Merle  ('.  Plant  Genetics.  Pp.  214,  figs.  40.  Univer- 
ity  of  Chicago  Press,  191S. 
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relation  to  botanical  information  familiar  to  the  student  is  pointed  out. 
Frequent  diagrams  illustrate  the  text  but  half-tones  are  avoided.  Quo- 
tations in  large  and  small  type,  chiefly  from  East,  are  used  freely 
throughout.  The  latter  part  of  the  book  is  less  elementarj^  than  the 
first  and  the  method  of  treatment  more  like  what  one  would  expect  if 
the  title  had  been  "Problems  in  Plant  Genetics."  The  chapter  on 
"Inheritance  in  Gametophytes,"  for  example,  contains  an  interesting 
discussion  of  a  topic  largely  neglected  by  more  ambitious  text  books  of 
genetics.  The  professional  gcnticist  might  expect  in  a  text  of  this  size 
a  somewhat  greater  reliability  in  details  and  a  more  extended  discussion 
of  the  established  facts  with  a  less  extended  discussion  of  problems 
suggested  to  a  botanist.  He  will,  however,  find  the  book  stinmlating 
reading.  Botany,  in  fact,  is  the  fundamental  science.  It  is  unfor- 
tunate that  there  have  been  some  who  have  seemed  to  act  upon  the 
belief  that  forestry,  plant  pathology  and  plant  genetics  are  subjects 
unrelated  to  botany.  Coulters'  Plant  Genetics  will  be  found  of  value 
in  advanced  departments  of  botany  like  that  in  the  University  of 
Chicago. — A.  F.  Blakkslee. 

Proliferation  in  Cacti. — The  peculiar  behavior  of  the  fruits  in 
certain  species  of  cacti  has  been  investigated  by  Johnson,'  with  par- 
ticular reference  to  proliferation  in  Opunlia  fuUjida.  The  fruits  of 
Opuntia  and  two  closely  related  genera  are  unlike  those  of  all  other 
floweiing  plants  in  the  possession  of  abortive  leaves  with  functional 
axillar\-  buds.  In  Optuniu  Julgida  the  withering  stamens  and  petals 
are  separated  from  the  ovary  by  a  definite  abscission  layer,  but  the 
maturing  of  the  seeds  fails  to  produce  any  of  those  changes  in  the  fruit 
which  are  almost  universal  among  higher  plants:  there  is  no  ripening 
nor  change  of  color,  there  is  no  form  of  dehiscence,  there  is  no  separa- 
tion of  the  fruit  from  its  parent  stem,  and  there  is  frequently  a  continu- 
ation of  growth.  The  axillary  buds,  or  areoles,  of  the  fruit  regularly 
produce  trichomes  and  nectaries,  frequently  produce  flowers,  and  in 
veiy  rare  cases  give  rise  to  vegetative  shoots.  The  persistence  of  the 
fruits,  and  their  proliferation  from  one  to  four  times  a  year,  results  in 
heavy  pendent  clustei-s.  These  are  eagerly  eaten  by  cattle  but  reach  a 
length  of  12  to  18  inches  on  undisturbed  plants.  The  early  develop- 
ment of  the  ovary  in  Opuntia  fulgida  is  found  to  resemble  that  of  a 

'  Johnson,  Duncan  S.  The  Fruit,  of  Opuntia  fulgida;  a  study  of  perennation 
and  proliferation  in  the  fruits  of  certain  Cactaceae.  Carnegie  Inst.  Wash. 
Pubn.  20!).     Pp.  62,  pis.  12.     1918. 
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vegetative  shoot,  the  wall  of  the  ovary  being  a  stem  in  its  niorijhological 
origin.  The  author  believes  that  the  ovarj'  of  this  cactus  was  superioi- 
in  its  primitive  condition,  and  that  its  present  inferior  position  is  due  to 
gradual  sul)mergence  of  the  stem-like  fertile  shoot  l)y  the  active  growth 
of  the  surrounding  parts.  The  seeds  retain  their  viability  for  many 
years  but  will  not  germinate  without  the  puncturing  of  their  heavy 
coats.  Since  this  is  the  only  known  case  in  which  seeds  persist  for 
years  in  a  fruit  which  remains  moist,  an  ingenious  experiment  was 
devised  in  which  filed  seeds  were  again  placed  in  fruits,  with  moisture 
and  temperature  conditions  favorable  for  germination,  but  no  activity 
resulted.  Sterile  seeds  are  frequent  but  are  not  outwardly  distinguish- 
able from  fertile  ones.  Seedlings  are  unknown  in  nature,  the  perpetua- 
tion of  the  plant  depending  chiefly  on  the  dissemination  of  the  reatlily 
detached  and  easily  rooted  vegetative  joints.  The  fruits  which  fall  to 
the  ground  no  longer  possess  the  ability  to  give  rise  to  flowers,  but  take 
root,  imder  favorable  ('onditions,  and  produce  vegetative  shoots.  The 
author  states  that  there  is  no  evidence  to  indicate  that  Opuntia  fulyida 
is  on  the  road  toward  a  loss  of  the  power  of  seed  production  and  a 
total  dependence  on  vegetative  multiplication,  but  it  is  difficult  to 
follow  his  reasoning  in  this  particular. 

The  publication  is  amply  illustrated  both  with  respect  to  the  gross 
features  of  the  fruits  and  the  anatomical  development  of  the  fruit, 
flower,  and  accessory  parts,  and  the  work  as  a  whole  constitutes  a  very 
thorough  investigation  of  one  of  the  most  striking  cases  of  aberrant 
floral  behavior  among  our  native  plants. — Forrest  Shreve. 
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NOTES  AND  COMMENT 

An  important  contribution  has  been  made  to  our  knowledge  of  the 
botany  of  the  antarctic  islands  by  T.  F.  Cheeseman,  of  the  Auckland 
Museum,  who  has  worked  up  the  plants  collected  by  Sir  Douglas 
Mawson's  expedition  in  Macquarie  Island.  This  small  island  is  situ- 
ated 600  miles  south-west  of  New  Zealand  and  is  widely  remote  from 
the  nearest  land  in  the  same  latitude.  The  climate  is  moist  but  the 
temperature  extremely  equable,  having  an  annual  mean  daily  range 
of  only  5.6°F.  The  flora  consists  of  only  34  species,  of  which  3  are 
endemic  grasses  and  27  others  plants  that  are  common  to  the  New 
Zealand  Subantarctic  Islands.  Fifteen  of  the  species  are  circumpolar 
in  distribution  and  are  among  the  commonest  components  of  the  vege- 
tation in  this  island,  in  South  Georgia,  5800  miles  to  the  east,  and  in 
Kerguelen,  3250  miles  to  the  west.  The  Antarctic  continent  has  at 
present  only  two  species  of  floweiing  plants,  so  far  as  known,  hut  such 
evidence  as  this  points  to  its  having  formerly  been  a  highway  of 
dispersal. 

Several  papers  have  been  written  by  Mr.  Wilson  Popenoe  describing 
the  achievements  of  a  year  which  he  recently  spent  in  Guatemala, 
exploring  all  parts  of  that  country  in  quest  of  varieties  of  avocado  suit- 
able for  introduction  in  the  United  States.  This  nutritious  fruit  is  one 
of  the  chief  articles  of  diet  among  the  Guatemalan  Indians,  and  the 
avocado  tree  is  found  at  all  elevations  from  sea  level  to  8500  ft.  The 
three  laces  and  numerous  varieties  found  at  different  altitudes  were 
carefully  studied  by  Mr.  Popenoe,  and  bud-wood  of  the  most  promis- 
ing ones  was  successfull}'  shipped  to  Washington.  Everj^one  who  has 
tasted  this  delicious  fruit  will  hope  that  its  successful  cultivation  in  this 
countrj'  will  be  greatly  aided  by  this  important  piece  of  horticultural 
exploration.  The  cultivation  of  avocadoes  is  now  being  carried  on  in 
Florida  and  California,  but  the  industr.y  is  still  in  such  a  stage  as  to 
justify  the  high  prices  that  are  asked  for  the  home  grown  fruit. 

The  diy  glasslands  of  mixed  composition,  which  occur  at  all  alti- 
tudes in  the  Rocky  Mountains  from  the  edge  of  the  plains  to  1 1 ,000  ft., 
have  been  investigated  by  Dr.  Francis  Ranialey  (Bull.  Torr.  Hut.  Cluli, 
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l'\'l).  1")1!1).  Tlic  comlilidiis  hccoiur  more  iiu-sopliytic  with  incrcasiiifi 
altitude  and  the  tciupcratuics  of  air  and  soil  at  11,000  ft.  range  from 
48°  to  58°F.  in  Jul.y  and  August.  The  entire  flora  of  tiie  diy  glass- 
lands  is  tabulated  so  as  to  show  the  occurrence  of  each  species  in  the 
five  altitudinal  zones  conunonly  recognized.  There  is  considerable 
similarity  between  the  base  of  the  mountains  and  the  montane  zone, 
i)Ut  very  few  species  of  the  former  region  reach  the  alpine  zone.  A 
number  of  species  found  only  in  moistei-  situations  at  the  lower  alti- 
tudes are  found  to  enter  the  dry  grasslands  at  higher  elevations,  on 
account  of  the  influence  of  lower  temperature  as  w-ell  as  of  the  higher 
soil  moisture  at  the  commencement  of  the  growing  season. 

Dr.  M.  .1.  T^oise.y,  of  the  JMinnesota  Experiment  Station,  has  con- 
tributed a  paper  to  the  .Journal  of  Agricultural  Research  on  the  relation 
of  weather  to  fruitfulness  in  the  plum,  showing  that  rain,  low  tempera- 
tures and  strong  w-ind  all  interfere  with  the  setting  of  fruit.  Rain 
interferes  with  the  dissemination  of  pollen  by  closing  the  anthers  or 
preventing  them  from  opening.  Frosts  injure  the  pistil  more  than  the 
pollen,  but  the  chief  effect  of  low  temperatures  is  in  retarding  the 
growth  of  the  pollen  tube.  High  wind  interferes  with  insect  action  and 
is  not  in  itself  capable  of  effecting  full  pollination.  The  fact  that  plum 
pollen  will  retain  its  germinating  power  for  six  months,  if  kept  under 
favorable  moisture  and  temperature  conditions,  suggests  the  possibility 
of  artificial  iiollinatioii  in  certain  cases. 
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SUNLIGHT  AND  ITS  MEASUREMENT 

HOWARD  E.  PULLING 

The  Johns  Hopkins  University,  Baltimore,  Maryland 

II.  MEASUREMENT  OF  SOLAR  RADIATION 

It  is  plain  from  the  foregoing  data  that  sunlight  is  not  even 
approximately  an  invariant  constant  either  in  quantitj^  or 
qualit}^  at  anj^  station  of  observation  on  the  earth's  surface. 
It  follows  that  for  biological  experimentation  in  which  it  is 
desired  to  ascertain  the  influence  of  radiation,  resort  must  be 
had  to  artificial  illuminants,  appropriately  controlled,  or  else 
the  incoming  radiant  energy  must  be  constantly  measured. 

It  is  not  a  part  of  the  plan  of  this  paper  to  enter  into  a  dis- 
cussion of  artificial  illuminants  although  for  those  interested  a 
bibliography  that  seems  to  be  sufficiently  extensive  to  meet 
the  initial  needs  of  biologists  is  included.^^  It  maj^,  however, 
be  noted  that  the  behavior  of  the  more  recent  types  of  electric 

"  Pirani,  M.  von,  and  A.  R.  Meyer,  tJber  die  ueueren  elektrishen  Gluh- 
lampen  rait  Gasfiillung.     Elektrotech.  Z.  36:  493-496;  507-510.     1915. 

Mey,  K.,  Die  Nitralampe  der  AUgemeinen  Elcktricitiits  Gesellschaft.  Eleck- 
trotech.  Z.  36:  376-377.     19X5. 

MiddlekaufT,  O.  W.,  and  J.  F.  Skogland,  The  photometry  of  gas  filled  lamps. 
U.  S.  Bur.  Standards  Sci.  paper  264:  587-604.     1916. 

Robinson,  R.  C,  Candle  power  measurements  of  a  .series  of  gas  filled  in- 
candescent tungsten  lamps.     Trans.Illum.Eng.Soc.il:  187-191.     1916. 

Tuck,  D.  H.,  Photometry  of  gas  filled  tungsten  lamps.  Elec.  World  65: 
78.     1915. 

Mackay,  G.  M.  J.,  The  characteristics  of  gas  filled  lumps.  Trans.  I  Hum. 
Eng.  Soc.  9:  77.')-794.     1914. 

Hulhurt,  E.  O.,  The  emissive  power  of  tungsten  for  short  wave  lengths. 
Astrophys.  J.  45:  149-163.     1917. 

Rolinson,  W.  H.,  New  types  of  incandescent  lamps  and  their  relation  to  the 
street  lighting  problem.     Trans.  Ilium.  Eng.  Soc.  11:  269-281.     1916. 

Merrill,  G.  S.,  Incandescent  lamp  developments.  Trans.  Ilium.  Eng.  Soc. 
11:  525-538.     1916. 

Other  references  will  be  found  scattered  through  the  remainder  of  the  paper. 
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lamps  can  be  stated  with  a  degree  of  accuracj^  sufficient  for  very 
good  work  of  at  least  a  preliniinarj-  nature  without  resorting 
to  measurements  of  the  radiation  emitted  by  them  after  they 
are  installed.  It  is  of  course  necessary  that  the  current  upon 
which  they  are  operated  be  sufficiently  constant  for  the  needs 
of  the  particular  case  in  hand.  New  lamps  fluctuate  in  emissive 
power  for  a  time  and  then  assume  a  very  nearly  constant  state 
which  persists  during  almost  the  entire  remaining  life  of  the 
lamp  (with  the  vacuum  tungsten  lamps,  until  blackening  of 
the  glass  is  serious,  with  the  globular  gas-filled  lamps  properly 
placed,  practically  until  the  filament  breaks)  especially  if  they 
are  operated  below  their  maximum  brilliancy. 

Turning  from  this  digression  to  the  main  topic  —the  methods 
for  the  measurement  of  the  sun's  radiation — it  is  necessary  to 
note  that  before  selecting  an  instrument  it  is  essential  that 
the  investigator  decide  just  what  feature  of  the  incident  radiation 
he  desires  to  measure.  The  time  has  gone  by  when  the  choice 
of  instruments  is  simply  made;  for  unless  we  know  wliat  features 
of  the  sun's  radiation  we  wish  to  measure  and  the  aiipHcability 
of  the  method  selected,  the  acquirement  of  useful  results  is 
purely  accidental,  regardless  of  the  care  exercised  in  using  the 
method.  Often  very  rough  measurements  from  the  physicist's 
standpoint  yield  valuable  results  in  biology  and  very  sensitive 
instruments  may  give  data  that  are  wholly  erroneous.  Scien- 
tific data  arc,  of  course,  no  more  accurate  than  the  net  accuracy 
of  the  entire  method,  and  to  measure  radiation  with  a  precision 
of  1%  while  the  corresponding  observations  on  the  plants  vary 
to  30%  or  more  not  only  entails  sheer  waste  of  time  but  is  mis- 
leading and  hurtful  to  scientific  progress.  On  the  other  hand, 
the  idea  that  any  instrument  is  as  good  as  any  other  for  rough 
preliminary  research  (as  all  botanical  radiation  work  will  be 
in  the  near  future)  is  also  wrong  because  the  instrument  may 
not  measure  at  all  the  component  of  radiation  that  is  effective 
in  the  biological  process  under  consideration.  The  photo- 
graphic actinometer,  when  used  to  obtain  a  measure  of  the 
amount  of  energy  available  to  plants  for  photosynthesis,  is  a 
case  ill  point. 
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After  deciding  what  feature  of  radiation  it  is  desired  to  meas- 
ure and  what  degree  of  accuracy  is  necessary,  the  instrument 
must  be  selected  with  these  purposes  in  mind  as  well  as  with 
an  appreciation  of  the  conditions  under  which  the  measure- 
ments are  to  be  performed,  in  order  that  both  errors  of  manip- 
ulation and  errors  of  interi)retation  may  be  guarded  against. 
There  are  many  excellent  methods  for  measuring  radiation. 
All  have  their  advantages  and  disadvantages  and  simplicity 
of  operation  is  not  the  only  criterion  bj'  which  they  should  be 
judged.  The  most  sensitive  and  the  most  precise  instruments 
ha\'e  peculiarities  that  can  only  be  successfully  met  by  suf- 
ficient experience  in  their  manipulation,  so  that  for  only  oc- 
ca-sional  use  for  brief  periods  they  should  not  be  selected.  It 
may  be  added  that  the  most  sensitive  instruments  do  not  nec- 
essarily yield  the  most  accurate  results.  Such  instruments 
are  usually  dehcate  and  with  careless  treatment  or  in  the  hands 
of  persons  ignorant  of  their  principles  of  construction  they  may 
give  results  more  at  \'ariance  with  the  truth  than  less  precise 
apparatus.  It  is  unfortunately  too  common  in  biological 
litci-ature  to  find  work  published  that  is  wholly  misleading 
in  its  implications  and  expressed  statements  of  accuracy  be- 
cause the  author  refined  one  portion  of  the  method  adopted 
to  a  high  degree  and  completely  ignored  sources  of  large  error 
in  other  portions.  The  growing  use  of  the  "probable  error" 
is  to  be  deplored  on  that  account:  that  observations  agree 
among  themselves  is  no  guarantee  of  the  correctness  of  the 
results  and  an  account  of  investigations  of  the  instrumental 
and  experimental  errors  would  be  far  more  convincing  and  of 
real  value. 

There  are  three  general  nietliods  for  measuring  radiation  and 
each  has  been  developed  along  several  lines  .so  that  the  subject 
is  complicated  both  because  of  its  terminology  (which,  it  may 
be  added,  is  not  in  all  cases  either  stable  or. rational)  and  be- 
cause each  instrument  has  certain  disadvantages  and  advan- 
tages depending  upon  the  purpose  for  which  the  user  intends 
it.  Although  it  is  out  of  the  question  to  present  this  extensive 
subject  in  any  detail,  still  it  seems  that  a  good  purpose  will 
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be  served  by  attempting  a  brief  exposition  of  ilic  .scope  of  each 
general  field  with  a  few  notes  on  some  of  the  essential  worldng 
features  of  the  instruments  so  that,  with  the  aid  of  the  dis- 
cussions to  which  references  are  made,  those  interested  may 
be  aided  in  their  selection. 

/ .  Radiometnf-^ 

Experience  has  shown  that  all  energy  is  completely  ti-ans- 
formable  into  heat  energy — one  of  the  principles  upon  which 
thermodynamics  is  based.     Radiometry  consists  in  converting 

"  Boys,  C.  v.,  Preliminary  note  on  the  radio-micrometer,  a  new  instrument 
for  measuring  the  most  feeble  radiation.  Proc.  Roy.  Soc.  London  42:  1S9-193. 
1887. 

Idem.  The  radio-micrometer.  Phil.  Trans.  Roy.  Soc.  London  180A:  159- 
186.     1889. 

Wilson,  \V.  E.,  The  thermal  radiation  from  sun  spots.  Proc.  Roy.  Soc. 
London  55:  246-249.     1894. 

Nichols,  E.  r.,  .\  method  for  energy  measurements  in  the  infra-red  spectrum 
and  the  properties  of  the  ordinary  ray  in  quartz  for  waves  of  great  wave  length. 
Phys.  Rev.  4:   297-313.     1897 

Abbot,   C.   G.,  Ann.  Astrophys.  Obs.  Smithsonian  Inst.  2:  1908;  3.     1913. 

Langley,  S.  P.,  The  bolometer  and  radiant  energy  Proc.  Amer.  Acad.  Sci. 
16:  34-.>  3.58.     1881. 

Idem      Ann.  Astrophys.  Obs.  Smithsonian  Inst.  1.     1902. 

Coblentz,  W.  W.,  Instruments  and  methods  used  in  r.adiometry.  1.  Bull. 
U.  S.  Bur.  Standards  4:  391-460.     1908. 

Idem.     II.  Bull.  U.  S.  Bur.  Standards  9:  7-63.     1913. 

Idem.  Measurements  on  standards  of  radiation  in  absolute  units.  Bull. 
U.  S.  Bur.  Standards  11:  87-100.     191.5. 

Idem.  Constants  of  spectral  radiation  of  a  uniformly  heated  enclosure  or 
so-called  black  body.     I.  Bull.  U.  S.  Bur.  Standards  10:  1-77.     1914. 

Idem.  II.  U.  S.  Standards  13:  459^77.     1916. 

Hyde,  E.  P.,  and  F.  E.  Cady,  On  the  determination  of  the  mean  horizontal 
intensity  of  incandescent  lamps  by  the  rotating  lamp  method.  Bull.  U.  S.  Bur. 
Standards  2:  415-137.     1906. 

Idetii.  On  the  determination  of  the  mean  horizontal  intensity  of  incandescent 
lamps.     Bull.  L^  S.  Bur.  Standards  3:  357-369.     1907. 

Coblentz,  \\.  \V.,  and  W.  B.  Emerson,  Studies  of  instruments  for  measuring 
radiant  energy  in  absolute  value.  .\n  ab.soliite  thermopile.  Bull.  l'.  S.  Bur. 
Standards  12:  50.3-551.     1916. 

.\bbot,  C.  G..  and  L.  B.  Aldrich,  The  pyranometer-  an  iiislrumonl  for 
measuring  sky  radiation.     Smithsonian  Misc.  Coll.  66:  No.  7.     1916. 

Idem.  On  the  use  of  the  pyranometer.  Smithsonian  .Mi.-^c.  Coll.  66:  No. 
11.     1016. 


SUNLIGHT   AND   ITS   MEASUREMENT  191 

the  incident  radiation  completely  into  heat  and  measuring  the 
heat  thus  obtained  either  directly  in  heat  units  (absolute  units) 
or  indirectly  in  terms  of  its  effects  (arbitrary  or  relative  units) 
which  ma}^  after  the  necessary  calibration  of  instruments  and 
computation  of  results,  be  re-stated  in  heat  units.  There  is 
no  actual  line  separating  heat  and  radiation  of  shorter  wave 
lengths  so  that  thermometry  is  logically  a  branch  of  radioni- 
etry.  Likewise  the  very  short  waves,  those  termed  in  the 
old  text-books  "chemical"  or  "actinic,""  and  the  ultra-violet 
raj^s  are  con\'ertible  into  heat,  so  that  if  the  radiometric  instru- 
ment is  suHieiently  sensitive  (or  the  radiation  is  sufficiently 
intense)  the  energy  in  these  high  frequencies  also  ma\^  be  meas- 
ured with  it. 

Because  the  princij)Ie  upon  wliich  radiometry  is  based  is 
valid  for  radiations  of  all  wave  lengths,  this  general  method 
has  a  greater  range  of  applicability  than  either  of  the  other 
two.  However,  for  the  reason  that  it  is  usually  applied 
to  investigations  demanding  great  precision  the  instruments 
are  often  delicate  and  complicated  but  this  need  not  be  so  for 
work  where  a  very  high  degree  of  accuracy  is  not  required. 
These  instruments  all  consist  essentially  of  a  receiver  for  com- 
pletely converting  the  incident  radiation  into  heat  and  a 
device  for  indicating  the  amount  of  heat  or  of  its  effects. 

All  receivers  must  depend  upon  a  surface  for  the  initial  ab- 
sorption, and  aU  surfaces  are  subject  to  losses  from  reflections, 
radiation  and  convection.  A  surface  that  is,  to  the  eye,  ab- 
solutely black  of  course  loses  almost  no  visible  radiation,  but 
it  should  be  noted  that  some  surfaces  that  appear  black  in 
diffuse  light  may  reflect  a  beam  of  hght  quite  completely,  es- 
pecially when  the  angle  of  incidence  approaches  that  of  total 
reflection.  Besides  providing  that  the  instrument  selected 
shall  be  an  adequate  absorber  of  energy  it  is  necessary  to  see 

'"  One  in  astonished  at  the  persistent  adherence  to  the  conception  of  a  dis- 
tinction between  "chemically  active"  and  "non-chemically  active"  radiation 
on  the  basis  of  wave  length  that  is  shown  in  modern  botanical  literature,  es- 
pecially when  one  recalls  that  even  Sachs  (Sachs,  Julius,  Vorlesungcn  iiber  Pflan- 
Koii-Physiologie,  p.  367.     Leipzig.     1882.)  insisted  upon  its  erroneous  character. 
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that  it  is  protected  against  losses  by  convection,  especially 
convection  losses  due  to  extraneous  air  currents,  that  it  is 
sufficiently  uniform  over  its  entire  extent  or  that  the  radiation 
is  incident  always  upon  the  same  portion,  and  that  it  is  placed 
in  the  position  most  favorable  for  the  reception  of  radiation 
(i.e.,  in  the  plane  at  right  angles  to  the  direction  of  every  ray 
incident  upon  it),  for  any  other  position,  by  decreasing  the 
efficiency  of  the  surface,  may  seriously  affect  the  results.  The 
effects  that  all  the  devices,  intended  as  ]jrotection  to  the  in- 
strument, have  upon  the  incoming  radiation  must  be  sufficiently 
Avell  known  to  insure  the  requisite  acciu-acy.  The  extent, 
character  and  rate  of  change  of  the  surface  with  time  must 
be  definitely  known  not  to  exceed  the  limits  of  allowable  varia- 
tion or  else  the  instrument  must  be  re-standardized  with  suf- 
ficient frequency  to  meet  this  requirement.  If  auxihary  mir- 
rors are  employed  the  difficulties  increase  be(!ause  of  refraction 
in  the  mirror,  intensified  by  the  bending  under  intense  illumi- 
nation, defective  reflecting  surfaces,  selective  absorption  and 
selective  reflection.  Mirrors  offer  exceptional  difficulties  in 
many  cases,  for  example  in  measuring  sky  radiation,  because 
such  radiation  is  polarized  and  is  liable  to  partial  extinction 
upon  reflection. 

The  heat  capacity  of  the  entire  instrument  should  be  small 
in  order  that  the  heat  received  may  promptly  produce  as  near 
the  maximum  temperature  effect  as  is  desired.  Conduction 
losses  between  the  receiving  surface  and  the  indicating  device 
should  be  kept  within  desired  limits. 

The  simplest  instruments  of  tliis  type  are  modifications  of  the 
Arago-Davy  actinometer,-"*  a  pair  of  thermometers,  one  with 
blackened  and  one  with  unblackened  bulb,  cither  exposed  or 
in  a  vacuum.  There  are  many  sources  of  serious  error  to  be 
investigated  before  they  can  be  accepted  as  of  anj'-  value  al- 
though the  principle  is  correct. 

Instruments  depending  upon  the  utiUzation  of  the  heat  de- 
^•oloped  for  the  vaporization  of  liquid  ma.y  prove  to  be  of  value 

"  Levy,  M.  A.,  L'.Vclinonictcr  .\rago-Davy.  Deh6rain  .\nn.  .\gion.  4: 
610-530.    1878. 
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in  certain  cases  if  the  instniinent  is  so  constructed  that  both 
vapor  and  liquid  arc  confined.  Freely  evaporating  surfaces 
are  so  readily  affected  bj'  aii-  currents  and  the  large  heat  capacity 
created  by  a  sufficiently  large  reservoir  of  liquid  that  they  seem 
to  be  of  little  or  no  value  at  present.  The  question  of  the  greater 
efTectiveness  of  some  wave  lengths  than  others,  still  further 
militates  against  their  use  as  does  also  the  dependence  of  rate 
of  evaporation  upon  the  temperature  of  the  surface.  Until 
these  features  have  been  taken  into  account  all  instruments  de- 
pending upon  vaporization  can  only  jaeld  results  that  are  open 
to  question. 

Instruments  depending  upon  temi)erature  changes  in  electrical 
resistance  have  been  investigated  in  great  detail.  Each  has  its 
own  weaknesses  and  merits  for  which  the  references,  especially 
the  excellent  comparative  discussion  by  Coblentz,^^  should  be 
consulted.  Although  none  are  very  easy  to  operate  the  pyranom- 
eter,  the  Rubens  linear  thermopile  and  its  modifications  and 
the  radiomicrometer  should  prove  useful  in  biological  research. 

Instruments  depending  upon  volume  changes  of  liquids  and 
gases  are  influenced  by  the  prevaihng  temperature  of  the  sur- 
roundings, and  are  hmited  in  usefulness  by  the  transmission  of 
their  containers  and  the  nature  of  the  thermo-sensitive  sub- 
stance employed.  They  are  of  course  essentially  like  the  Arago- 
Da^'y  actinometer.  One  instnmient  at  least  of  the  type  de- 
pending upon  temperature  effects  upon  gases — the  Nichols 
radiometer — is,  unlike  the  majority,  useful  for  spectrum  work 
and,  although  not  portable,  it  is  extremely  simple  of  operation 
and  may  be  built  to  have  a  very  high  degree  of  sensitiveness. 
It  has  been  rather  thoroughly  investigated  by  Coblentz.  Some 
of  the  instruments  appear  to  be  still  susceptible  of  improve- 
ment and  those  employing  thermo-couples  could  undoubtedly 
be  sufficiently  simplified  to  permit  of  general  use  where  a  high 
degree  of  sensitiveness  is  not  required.  It  may  be  noted  that 
if  an  instrument  is  selected  that  necessitates  a  galvanometer, 
the  peculiarities  of  the  latter   must   be   considered   separately 

='  Coblentz,  W.  W.,  Iiistrunients  and  methods,  etc.,  I  .and  II,  cited  in  note  :i6. 
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with  reference  to  the  conditions  under  which  it  is  proposed 
to  use  it.  In  conclusion,  a  "thermo-galvanometer"  described 
by  Jordan-""  deserves  mention  as  a  relativelj^  simple  device 
for  some  purposes. 

2.  Photometry^^ 

Because  the  human  ej^e  is  sensitive  to  differences  in  illumina- 
tion it  has  been  utilized  as  a  photo-sensitive  instrument,  de- 
fining fight,  not  in  energy  units,  but  in  units  of  physiological 
effect-  brightness.  P'or  this  purpose  a  light  of  Icnown  intensity 
is  required,  wliich  is  varied  in  a  known  way  until  it  produces 
an  illumination  that  is  equal  to  that  produced  by  the  source 
under  investigation. 

■"'  Jordan,  F.  W.,  On  a  new  type  of  thcnno-galvanonieter.  Proc.  I'hys. 
Soc.  London  26:  105-171.     1914. 

•"  1918  report  of  the  committee  on  nomenclature  and  standards  of  the  Illumi- 
nating Engineering  Society.     Trans.  Ilium.  Eng.  Soc  13:  512-523.     1918. 

Rosa,  E.  B.,  Photometric  units  and  nomenclature.  Bull.  U.  S.  Bur.  Standards 
6:  513-572.     1909-1910. 

Ott,  E.,  Variation  of  Hefner  lamp  with  atmospheric  conditions.  J.  Gas- 
lighting   132:  378-381.     1915. 

Hyde,  E.  P.,  and  W.  E.  Forsythc,  Visibility  of  radiation  in  red  end  of  visible 
spectrum.     Astrophys.  J.  42:  285-293.     1915. 

Blanchard,  .J.,  The  brightness  Sensibility  of  the  retina.  Phys.  Rev.  11: 
81-99.     1918. 

Coblentz,  \V.  W.,  and  W.  B.  Emerson,  Distribution  of  energy  in  the  visible 
spectrum  of  the  acetylene  flame.     Bull.  U.  S.  Bar.  Standards  13:  3.55-364.     1916. 

Idem.  Selective  radiation  from  various  substances.  Bull.  U.  S.  Bur.  Stan- 
dards 7:  243-294.     1911. 

Paiaz,  A.,  A  treatise  on  industrial  photometry  with  special  application  to 
electric  lighting.     Trans.  G.  \V.  Patterson.    2nd.  ed.     New  York.     1890. 

Patterson,  C.  C.,  Investigations  on  light  standards  and  the  present  condition 
of  the  high  voltage  glow  lamp.     Proc.  Inst.  Elect.  Eng.  38:  271-348.     1937. 

Idem.  Tlie  proposed  international  unit  of  candle  power.  Proc.  Phys.  Soc. 
London  21:  867-883.     1909. 

Troland,  L.  T.,  .\pparent  brightness;  its  conditions  and  properties.  Trans. 
Ilium.  Eng.  Soc.  11:  917-975.     1916. 

Nutting,  P.  G.,  Eliects  of  brightness  and  contrast  in  vision.  Trans.  Ilium. 
Eng.  Soc.  11:  939-940.     1910. 

liarrows,  \V.  E.,  Light,  photometry  and  illumination.     New  York.     1912. 

Wickcnden,  W.  E.,  Illumination  and  photometry.     New  York.     1910. 

Ives,  H.  IC,  The  primary  standard  of  light.  Astrophys.  ,1.  36:  322-329. 
1912. 
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Because  light  sources  are  usually  used  only  to  render  objects 
visible,  the  measurement  of  their  illuminating  power  in  terms 
of  that  of  some  standard  source  has  come  to  be  of  importance 
quite  independently  of  any  question  of  the  actual  energj-  emitted 
by  these  sources.  Thus  photometry  deals  with  meter  candles 
and  lumens  as  its  units  instead  of  employing  units  of  energy. 
If  the  light  sources  are  of  the  same  kind  so  that  the  quality 
of  radiation  is  closely  similar,  the  actual  energy  values  may  be 
readily  obtained  once  that  of  the  primary  standard  is  known. 
If,  however,  the  light  sources  are  different  the  question  of  the 
light  quaUty  becomes  of  great  importance  if  energy  statements 
are  desired,  because  the  human  eye  is  not  equally  sensitive  to 
all  visible  radiation.  Furthermore  the  sensitivity  curve  of 
the  human  eye  changes  with  changes  in  the  intensity  of  illumi- 
nation in  such  a  way  that  as  the  intensity  of  illumination  de- 
creases the  maximum  sensitivity  shifts  toward  the  shorter 
wave  lengths.  Besides  these  difficulties  there  are  the  added 
ones  of  the  influence  of  the  pupil  area  (changing  the  amount 
of  light  received  by  the  eye),  the  psychological  effects  of  con- 
trast, etc.,  and  the  physiological  state  of  the  observer.  These 
various  influences  have  received  detailed  consideration  and 
many  devices  have  been  adopted  for  particular  purposes,  for 
which  the  special  texts  and  journal  articles  should  be  consulted. 

One  device  deserves  special  mention  because,  besides  being 
widely  used  in  photometry,  it  has  been  suggested  for  radiometry 
and  actinometry  as  well — the  rotating  sectored  disk  for  re- 
ducing hght  intensity.  Its  use  is  based  on  Talbot's  law"  that 
upon  intermittent  illumination  of  sufficiently  short  periods  of 
interruption  the  human  eye  integrates  the  effect  by  a  simple 

«  Talbot,  W.  F.,  Experiments  on  light.     I'liil.  Mag.  (3)  5:  321-334.     1S31. 

Wiedemann,  E.,  Ueber  Fluorescenz  iiiul  Plio.sphorescenz.  Ann.  Pliy.sik. 
Chem.  34:  44G-469.     1888. 

Hyde,  E.  P.,  Talbot's  law  a.s  applied  to  the  rotating  sectored  disk.  15ull. 
U.  S.  Bur.  Standards  2:  1-.32.     1906. 

Weber,  A.  E.,  tjber  die  Anwendung  des  rotierenden  Sektors  zur  i)hotogra- 
phischen  Photometrie.     Ann.   Physik  45:  801-8:jS.     1914. 

Pfnnd,  A.  H.,  cited  in  note  53. 

Newcomer,  H.  S.,  The  relation  of  the  sector  0])eiiing  of  tlie  sector  jjliotom- 
eter  to  the  extinction  coefficient.     .Science  (N.  .S.)  49:  241-243.     1919. 
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summation  of  the  actual  amounts  of  light  reaching  it  during 
the  periods  of  illumination.  This  principle  seems  to  be  valid 
in  photomctrical  work  and  the  de\'ice  has  been  of  great  value. 
Little  is  known  of  the  ajiplicability  of  the  device  to  radiometry 
and  actinometry  although  with  some  particular  instruments  it 
appears  to  yield  reliable  data. 

Since  photometry  depends  upon  a  standard  light  source  it.  is 
of  paramount  importance  that  the  standard  chosen  shall  be 
exactly  reproducible  at  any  future  time  and  shall  be  sufficiently 
constant  in  behavior  during  the  period  of  each  photometric 
observation.  The  standard  sperm  candle  formerly  used  is 
much  too  variable  in  beha\'ior  (Coblcntz  states  that  an  indi- 
vidual may  vary  18  to  20%)  and  an  exacting  search  has  pro- 
ceeded in  the  attempt  to  settle  upon  some  standard  that  will 
meet  the  requirements  with  sufficient  accuracy.  The  liquid 
and  gas  burning  lamps  are,  as  a  rule,  sensitive  to  prevailing 
conditions  and  are  troublesome  to  operate  so  that  the  tendency 
seems  to  be  toward  the  choice  of  incandescent  electric  lamps 
since  for  short  periods  direct  current  can  be  rather  readily  con- 
trolled. It  may  be  possible  to  utilize  an  electric  lamp  with 
direct  current  controlled  by  some  simple  rheostat  and  operated 
similarly  to  an  optical  pyrometer  for  measuring  radiation  of 
high  intensity  in  the  visible  spectrum.  With  appropriate  color 
screens  and  dry  cells  the  instrument  might  be  very  compact, 
convenient  and  have  a  great  range  of  application. 

By  the  use  of  a  spectroscope  and  suitable  accessories  a  spectro- 
jjhotometer  may  be  constructed  by  which  the  distribution  of 
luminosity  in  the  spectrum  of  the  incident  hght  may  be  obtained 
and  from  this  an  approximation  to  the  relative  distrilnition  of 
energy." 

Recently  the  attempt  has  been  made  to  measure  light  in 
terms  of  its  luminosity  without  having  recourse  to  the  human 

"  llartridge,  H.,  An  iinpioved  spectrophotometer.  J.  Physiol.  50:  101- 
113.     1915.  ,      , 

Nutting,  P.  G.,  A  pocket  spectrophotometer.  Bull.  U.  S.  Bur.  Standards 
2:  317-318.     1906. 

Idem.  A  photometric  attachment  for  spectroscopes.  Bull.  U.  S.  Bur.  Stand- 
ards 7:  239-241.    1911. 
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eye  as  a  receiver.  I'his  is  IciiiumI  ])hysical  photometrv"  and 
is  acc'oinplished  by  interposing  l)et\veen  a  radiometric  instru- 
ment and  the  light  source  an  absorption  screen  having  a  curve 
of  transmissions  for  the  ^•arious  \va\"e  lengths  similar  to  the  curves 
of  sensitiveness  of  the  human  eye.  The  measurements  of  the 
radiation  received  by  the  instrument  are  thus  indicative  of 
the  effects  upon  an  "average  human  eye"  in  the  same  position. 

S.  Aclinonietry 

Because  some  chemical  reactions  proceed  so  much  more 
rapidly  in  light  than  in  darkness  and  since  the  rate  of  such  re- 
actions is  in  general  more  rapid  the  gi-eater  the  intensity  of  the 
illumination,  they  have  been  utilized  for  the  measurement  of 
radiation.  The  elaborate  investigations  of  sunhght  by  Bunsen 
and  Roscoe"  by  these  means,  the  attempt  to  relate  features 
of  plant  grovi-th  to  sunlight  by  Wiesner's"  measurements  along 
the  same  lines,  the  simplicity  of  operation  and  the  growing 
accessibility  of  photographic  supphes  have  led  to  an  extensive  use 
of  actinometry  in  various  fields  of  biological  research.  Be- 
cause of  this  popularity  actinometry  will  be  considered  more  in 
detail  than  the  relative  (or  actual)  value  of  the  results  so  far  ob- 
tained by  its  means  would  justify  in  a  well  balanced  discussion. 

The  generaUzations  at  the  basis  of  actinometrj^  are  that  the 
optical  principles  of  radiation  hold  for  those  wave  lengths  af- 
fecting chemical  reactions  and  that  only  those  Avaves  that  are 
absorbed  by  the  substances  concerned  can  be  cheinically  active.^^ 

"  Ives,  H.  E.,  Physical  photometry.  Trans.  Ilium.  Eng.  Soc.  10:  101- 
112.     1915. 

CoUlentz,  W.  W.,  The  physical  photometer  in  theory  and  practice.  J. 
Franklin  Inst.  180:  335-348.     1915;181:233-241.     1916. 

*^  Bunsen,  K.  W.,  and  II.  Roscoe,  Photochemische  Untersuchungen.  Ann. 
Physik  Cheni.  96:  373-391;  100:  43-88;  481-516;  101:  235-263;  108:  193-273;  117: 
529-562.     Ostwald's  Klassiker  Nos.  34  and  38. 

*'  Wiesner,  J.,  Photomctrischen  Untersuchungen  auf  Pflanzen-physiologische 
Gebiete.     Sitz.  Math.-Nat.  CI.  Kgl.  Akad.  Wien  102,  Abth.  1:  291-350.     1893. 

■"  Grotthus,  T.  von,  Ueber  die  chemische  Wirksamkeit  des  Lichtcs  und  der 
Elecktricitjit.  Jahrcsverhl.  kurland.  Ges.  Lit.  u.  Kunst.  1:  119-189.  1819. 
Ostwald's  Klassiker  No.  1.52. 


198  HOWAHU    E.    PULLING 

Regarding  the  first  part  of  tliis  statement,  it  may  be  noted  that 
no  general  distinction  can  be  made  between  waves  that  influ- 
ence chemical  reactions  and  those  that  do  not.  In  fact,  as 
photo-chemical  investigation  is  extended  the  conviction  grows 
that  there  is  no  portion  of  the  specti-um  (not  excepting  even  the 
very  long  infra-red  waves)  that  can  be  definitely  said  to  be 
without  effect  upon  some  chemical  reaction. 

The  second  part  of  the  statement  is  often  misstated  to  the 
effect  that  those  waves  that  are  absorbed  are  chemically  active. 
There  is,  however,  no  simple  relation  between  absorption  and 
chemical  action.  There  are  many  cases  known  of  strong  ab- 
sorption accompanied  by  no  detectible  chemical  action  and  other 
cases  in  which  there  is  marked  chemical  action  and  only  slight 
absorption.  This  diversity  occurs  because  the  radiation  effect 
is  not  always  solely  because  of  the  addition  of  energy  to  the 
system,  although  of  course  the  contribution  of  energy  is  all 
that  the  light  makes,  and  among  other  effects  there  are  those 
■  that  for  want  of  a  better  term  are  called  catalytic.'^  It  must 
be  further  noted  that  even  in  those  cases  in  which  the  ab- 
sorption and  the  speed  of  reaction  are  definitely  and  simply 
related  the  reaction  does  not  proceed  strongly  in  a  limited 
portion  of  the  spectrum,  immediately  bounded  by  regions  of 
no  acti\ity.  Instead,  there  is  a  more  or  less  gradual  increase 
in  the  effectiveness  of  the  waves  up  to  a  maximum  and  a  similar 
decrease  beyond.  Thus,  while  there  is  the  possibility  of  ob- 
taining measurements  that  may  be  interpreted  in  terms  of 
energy  transmitted  in  any  desired  portion  of  the  entire  spectrum 
by  the  proper  choice  of  a  chemical  reaction  with  which  to  record 
it,  it  does  not  follow  that  the  interpretation  will  be  either  exact 
or  easy. 

One  class  of  photo-cheniical  reactions  are,  within  certain 
ill-defined  limits,  of  considerable  usefulness  for  actinometric 
use.  These  reactions  depend  for  their  rate  upon  the  intensity 
of  the  radiant  energj-  absorbed  and  are  accordingly  rather 
precise  means  for  obtaining  relative  measures  of  its  intensity. 

'»  Lewis,  W.  C.  McC,  Phys.  Chcin.,  vol.  2,  citcl  in  note  2. 
Sheppard,  S.  E.,  Photo-chemistry.     London,  1911. 
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The  darkening  of  the  silver  haUdes,  siher  chloride  and  silver 
bromide,  upon  exposure  to  light  has  been  extensively  inves- 
tigated and  the  rate  of  darkening  has  been  found  to  vary, 
for  one  and  the  same  light  source,  within  certain  limits,  pro- 
portionally to  the  product  of  the  intensity  of  the  active 
radiation  and  the  length  of  the  time  of  exposure.  This  is  the 
so-called  "reciprocit}'  law.""  Since,  however,  the  degree  of 
darkening  is  difficult  to  determine,  recourse  is  usually  had  to 
Bunsen  and  Roscoe's  method  of  determining  the  time  necessarj'- 
to  produce  a  definite  degree  of  darkening,  determined  by  com- 
parison with  an  unfading  standard  tint  placed  immediately 
beside  the  darkening  paper.  From  the  reciprocity  law  it  follows 
that  the  intensity  of  the  effective  radiation  is  inversely  pro- 
portional to  the  time  necessary  for  this  fixed  degree  of  darkening. 

This  darkening  is  usually  said  to  be  accomplished  by  the 
reduction  of  the  silver  salt  to  a  sub-salt  and  the  liberation  of 
the  free  halogen  (CI  or  Br).  If  the  light  is  removed  the  reaction 
\dll  reverse  and  the  original  salt  will  be  formed.  Since  the 
formation  of  the  sub-salt  is  constantly  opposed  by  the  tendencj^ 
of  the  halogen  to  recombine  with  it,  the  speed  of  darkening  de- 
creases with  increasing  time.  This  may  be  avoided  to  a  large 
extent  by  adding  another  substance,  such  as  gelatine  or  albumin, 
with  which  the  free  halogen  may  combine,  thus  maintaining 
the  speed  of  reaction  and,  if  the  amount  of  this  added  substance 
is  sufficiently  great  in  proportion  to  that  of  the  silver,  the  decrease 
in  rate  will  be  negligible.  This  reaction  was  first  worked  out 
by  Luther'"  and  maj^  be  written : 
2  AgCl   -I-  gelatine   +  light    =   Ag.>Cl   +  chlorinated  gelatine. 

Although  the  reciprocity  law  holds  very  exactly  for  a  consider- 
able range  of  intensity  of  monochromatic  light  (or  light  from 
sources  whose  energy  distribution  curves  are  the  same  shape) 
in  the  case  of  silver-chloride-gelatine  preparations  that  are 
viewed  directly,  it  docs  not  remain  in  its  simple  form  in  the 

"  Bunsen,  H.  \V.,  and  H.  Koscoc,  Photochemische  Untersuchungeu  VI. 
Meteorologische  Lichtmessungcn.     Ann.  Physik  Chem.  117:  .529-.562.     1862. 

">  Luther,  R.,  Studien  iiber  unikehrbare  photochemische  Prozcsse.  Zeit. 
Phys.  Chem.  30:  628-680.     1899. 
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case  of  i)reparatiou8  that  are  "developed"  before  the  degree  of 
darkening  is  judged.  In  this  latter  case  (as  with  "plates") 
the  relation  becomes  exponential  and  is  termed  Schwarzschild's 
rule."'  It  must  be  remembered  that  these  expressions  are 
only  approximations  to  an  unknown  law  and  do  )wt  hold  for 
very  high  or  very  low  intensities. 

Since  silver-chloride-gelatine  reactions,  in  conunon  with  other 
photochemical  reactions,  vary  in  their  rate  when  exposed  to 
radiation  of  different  wave  lengths  it  is  obvious  that  unless  the 
energy  curve  of  the  incident  radiation  is  of  the  same  form  in 
all  cases  for  which  it  is  desired  to  measure  the  intensity,  the 
rate  of  reaction  alone  will  tell  nothing  about  the  intensity  of 
the  entire  beam  of  light.  Line  .1  in  figure  5  represents  the  curve 
of  sensitivity  of  a  silver-chloride-gelatine  {)reparation  (of  course 
it  is  not  the  curve  for  any  such  preparation)  to  radiation  at 
different  wave  lengths.  The  ordinates  accordingly  rejjresent 
degrees  of  darkening  in  equal  times  when  the  intensity  of  radiation 
in  any  wave  length  is  equal  to  that  at  any  other. 

If  we  imagine  a  beam  of  radiation  to  be  incident  ui)on  this 
silver-chloride-gelatine  actinometer  and  to  be  of  equal  intensity 
in  all  wave  lengths  between  about  0.29  n  and  about  0.53  n  (the 
approximate  limits  of  sensitivity  of  the  instrument)  it  will  be 
at  once  ajjparent  that  the  relative  effects  of  the  various  kinds 
of  waves  in  darkening  the  i)aper  per  unit  of  time  will  be  pro- 
portional to  the  heights  of  the  ordinates  of  curve  .1 .  Accdi'diugly 
the  total  darkening  of  the  paper  in  unit  time  by  such  a  beam 
will  be  proportional  to  the  area  enclosed  between  the  curve  .1 
and  the  base  line.  'I'he  darkening  by  such  a  beam  at  any  ef- 
fective portion  of  the  spectrum  smaller  than  the  entire  effective 
portion  will  be  ])roportional  1o  the  area  enclosed  between  the 
base  line  and  the  cnr\-e  .4  between  the  ordinates  erected  at  the 
wave  lengths  jjoundiiig  the  portion  of  tlic  siM-clrum  considered, 

"  SchwaizschiKl,  K.,  I'cber  ubwcichungen  von  Kcciprocitiitsgoscti!  fiir 
Broiiisilbcrgelatiiie.     Photograph.     Correspondenz  36:  109-112.     1899. 

Renwick.  V.  F.,  .Sonic  deductions  from  Schwarzschild's  rule.  Phot.  J.  66: 
11-115.     191G. 

Draper,  J.  \V.,  On  some  analogies  between  the  phenomena  of  the  cliemical 
ravs  ami  those  of  radiant  heat.     IMiil.  Mag.  C-i)  19:  19.^.  JIO.     IStl. 
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or  the  percentages  of  the  total  tlarkmiiii^  protlueetl  In-  tliis  small 
portion  of  the  spectrum  will  be  equal  to  the  quotient  obtained 
by  dividing  the  small  area  by  the  entire  area  first  mentioned. 
If,  as  is  usall.y  the  case,  the  incident  radiation  is  not  of  ecjual 
intensity   at   the   various   wave   lengths,    the  graph   of  radiant 
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Fig.  .5.  (ii-aplis  e.xhibiting  the  effects  of  solar  radiation  upon  silver-chloride- 
gelatine  preparations.  Line  A:  graph  of  sensitivity  of  a  silver-chloride-gelatine 
preparation.  Line  li:  graph  of  solar  radiation;  sun  at  90°  altitude.  Line  C: 
graph  of  effect  of  radiation  represented  by  line  B  upon  the  photo-sensitive  prep- 
aration. Line  D:  graph  of  solar  radiation;  sun  at  1.5°  altitude.  Line  E:  graph 
of  etTect  of  radiation  represented  by  line  D  upon  the  photo-sensitive  preparation. 

energy  will  also  be  a  curve,  and  the  resultant  darkening  will 
depend  upon  the  o\'erlapping  portions  of  both  curves.  Line  B 
in  figure  5  represents  an  energy  curve  of  solar  radiation  re- 
ceived at  sea  level  with  zenith  sun.  The  maximum  ordinate 
is  expressed  as  unity  so  that  all  other  ordinates  are  fractions  of 
this  maximum.     Similarly  the  maximum  ordinate  of  the  sen- 
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sitivity  curve  is  expressed  as  unity  and  all  its  other  ordiuates  are 
likewise  fractions. 

If  the  two  maxima  coincided  in  postion  on  the  scale  of  ab- 
scissas, unit  darkening  would  be  produced  in  unit  time  by  the 
action  of  this  maximally  effective  wave  length  when  acting  by 
itself.  If  the  maximum  sensitivity  corresponds  in  position 
with  a  wave  length  of  half  the  efficiency  of  the  maximum,  the 
degree  of  darkening  in  unit  time  will  be  one-half  the  maximum 
(unity)  noted  above;  or  if  the  maximum  efficiency  coincided 
in  position  with  half  the  sensitivity  the  darkening  would  again 
be  one  half  the  maximum.  In  each  case  it  is  supposed  that  only 
those  waves  are  acting  whose  ordinate  values  are  considered. 

The  graph  of  the  darkening  produced  in  unit  time  by  the 
radiation  characterized  by  line  7:?  acting  upon  the  paper  having 
a  curve  of  sensitivity,  A ,  will  accordingly  be  obtained  by  plotting 
the  products  of  the  ordinates  of  radiation  and  sensiti\'ity  at 
each  wave  length.  The  result  is  expressed  in  line  C  (plotted 
on  a  larger  scale  of  abscissas).  The  total  amount  of  darkening 
will  be  proportional  to  the  area  between  Une  C  and  the  base  line, 
and  if  the  darkening  is  to  be  a  measure  of  solar  energy,  the  areas 
enclosed  by  the  curve  of  darkening  and  by  the  curve  of  radiation 
intensity  must  always  bear  a  fixed  relation  to  each  other,  since 
the  former  represents  amount  of  darkening  and  the  latter  the 
amount  of  j-adiation  incident  upon  the  same  siu-face  in  the  same 
length  of  time.  Of  coiu-se  only  the  radiation  to  which  the 
paper  is  sensitive  can  be  effective  so,  unless  the  remaining 
radiation  bears  a  fixed  relation  to  the  effective  portion,  darkening 
cannot  be  a  measure  of  the  total  radiation  incident  in  unit  tim(>. 

To  find  if  this  relation  exists  for  the  sun's  radiation  it  is  only 
necessary  to  compare  the  areas  below  different  solar  radiation 
curves  in  the  different  j^ortions  considered.  To  make  it  more  con- 
crete still,  a  darkening  curve  for  solar  radiation  with  the  sun 
15°  above  the  horizon  at  sea  level  (curve  D)  is  plotted  as  line  E. 
The  area  between  line  E  and  its  base  (curve  of  darkening  for 
15°  sun)  is  0.19  of  that  between  line  C  and  its  base  (curve  of 
darkening  for  90°  sun),  so  that  the  total  radiation  in  the  two 
ca.ses  should  be  in  the  same  ratio  if  the  actinometric  metlii)d 
is  to  be  useful  for  their  measurement. 
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The  area  between  line  D  and  its  base  (total  radiation  for  15° 
sun)  is  0.58  of  the  area  between  curve  B  and  its  base  (total 
radiation  for  9()°  sun).  Since  this  last  ratio  is  more  than  three 
times  the  first  one  given  it  is  plain  that  the  darkening  is  no 
measure  of  the  total  radiation,  as  might  have  been  predicted. 

The  area  between  line  D  and  its  base  in  the  portion  of  visible 
radiation  is  0.42  of  that  of  the  corresponding  portion  of  the 
area  below  line  5,  so  the  actinometer  reading  is  likewise  no 
measure  of  the   visible  radiation;  nearly  55%   error. 

The  area  between  line  D  and  its  base  in  the  effective  portion 
of  the  spectrum  is  0.23  of  the  corresponding  area  below  line  B 
so  that  the  actinometer  does  not  even  measure  this  portion  of 
the  spectrum  with  any  degree  of  accuracy;  nearly  18%  error. 

All  this  merely  emphasizes  the  usually  unappreciated  facts 
that  the  actinometer  readings  are  only  valid  when  the  radiation 
is  either  monochromatic  or  invariable  in  its  distribution  of 
energy,  and  that  sunlight  does  not  fulfill  these  requirements. 
The  illustration  also  indicates  that  if  a  sufficiently  small  portion 
of  the  spectrum  were  transmitted  to  the  paper  by  an  appropriate 
screen,  this  portion  might  be  measured  satisfactorily  for  many 
purposes  although  no  conclusion  could  be  reached  regarding  the 
energy  transmitted  in  other  portions  of  the  sun's  spectrum. 

To  complicate  the  case  still  further  a  very  large  share  of  the 
ultra-violet  (radiation  of  wave  lengths  shorter  than  about  0.4  yu) 
reaching  the  earth  comes  from  the  sky  and,  as  will  be  seen  from 
the  sensitivity  curve  in  figure  5,  these  waves  are  the  most  ef- 
fective in  darkening  silver  chloride.  Furthermore,  when  the 
sun  is  close  to  the  horizon,  the  sky  is  more  effective  than  the 
direct  beam'=  so  that  if  the  actinomter  is  to  measure  either  sky 
Ught  or  sun  light  is  must  be  protected  from  radiation  from  the 
other. 

There  are  of  course  other  types  of  actinometers  besides  those 
depending  upon  the  darkening  of  silver  chloride  paper.  Photo- 
sensitive preparations  that  must  be  chemically  treated  after 
exposure  to  render  the  image  visible  ("plates"  are  examples) 
have  lieen  used  and  while  the  simple  reciprocity  law  is  not 
applicable  to  their  action,  Schwarzschild's  rule  is  said  to  be, 
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although  as  a  matter  of  fact  it  is  well  known  that  it  is  only  \  alid 
for  a  relativelj'  short  range  of  intensities.  Such  preparations 
may  be  "sensitized""  for  almost  any  portion  of  the  si)ectrum, 
even  including  the  shorter  of  the  infra-red  waves,  while  the 
"non-developed"  papers  cannot  be  thus  sensitized  in  any  way 
now  known.  It  must  not  be  forgotten  that  these  sensitized 
preparations  also  exhibit  curves  and  not  bands  of  sensitivity 
and  some  of  the  curves  have  more  than  one  maximum.  Be- 
cause such  sensitized  plates  cannot  be  exposed  until  a  certain 
amount  of  darkening  results,  their  use  is  attended  with  consider- 
able difficulties  through  the  uncertaint,v  in  the  comparison  of 
the  developed  plate  with  standard  tints. 

Photo-sensitive  reactions  that  occur  in  solution  oi-  in  the 
gaseous  condition  have  been  utiUzed  as  actinometers  but  their 
use  is  attended  Ijy  all  the  imcertainties  encountered  in  the  use 
of  silver-chloride-gelatine  papers  and  does  not  ha\'c  the  off- 
setting advantage  of  simplicity,  for  the  solution  or  gas  must  be 
chemically  analyzed  b}-  more  or  less  convenient  means  to  de- 
termine the  extent  to  which  the  reaction  has  proceeded.  A 
number  of  these  have  been  proposed  but  since  their  curves  of 
wave  length  sensitivity  and  behavior  under  different  conditions 
of  radiation  intensity  are  not  known,  they  are  at  present  useless. 

Of  the  remaining  actinometric  devices  the  photo-electric  cell 
may  be  noted  as  a  valuable  instrument  when  jiroperlj^  con- 
structed and  in  competent  hands.  The  selenium  cell  has  been 
suggested  but  Pfund'"'  has  found  that  the  position  of  the  maxinunn 
sensitivity  varies  with  the  intensity  of  the  incident  light  so  that 
it  appears  unpromising. 

The  alkali  i)hoto-electric  cells,  such  as  have  been  (levelop(>d 
by  Elster  anil  (leitel  have  presented  serious  difliculties,  which 
are,  however,  being  overcome  as  their  principles  become  better 
understood.     Colls   with   high    vacua   or   containing   lielium    or 

«  See  files  and  oum-nt  numbers  of  The  British  .Journal  of  Photography;  Tlie 
Photographic  .Journal;  Zeitsehrift  fiir  wissenschaftliche  Photographic,  Photo- 
physik  und  Pliotoclicniie. 

"  Pfund,  A.  II.,  Ai)plication  of  the  solcniuin  cell  to  photometry.  Phys. 
Kev.  34:  :5-0-;{S().     1912. 
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argon  arc  iiiucli  to  Iw  |)r('t"('rr('(l  to  those  containing  reacitive 
gases  because  the  ionization  in  the  hitter  type  upon  exposure 
to  intense  radiation  produces  marked  irregularities  of  behavior.'*' 
Like  all  instruments  in  the  actinometric  class  they  exhibit  a 
curve  of  sensitivity  and  this  curve  must  be  known  or  the  results 
obtained  from  their  use  in  different  portions  of  the  spectrum 
are  meaningless.  Moreover,  it  is  at  present  impossible  to  con- 
sciously jH'epare  two  cells  even  apjiroximately  alike  in  short 
or  long  wave  limit  of  sensitiveness,  or  in  spectral  position  or 
degree  of  maximum  sensitiveness,  so  that  the  curve  of  sensitivity 
nmst  l)e  known  for  each  individual  cell.^^  To  further  com- 
plicate the  problems  connected  with  their  use  it  has  been  found 
that  their  curves  change  with  age  of  the  cell  so  that  the  curve 
of  sensitivity  must  be  investigated  at  sufficiently  short  in- 
tervals.'""  The  rate  of  change  of  these  curves  depends  to  some 
extent  upon  the  degree  of  evacuation  of  the  cells,  full  gas  cells 
changing  more  rapidly  than  thosfe  with  high  vacua.  Because 
the  photo-electric  effect  occurs  at  the  surface  of  the  metal, 
advances  in  methods  for  preparing  these  surfaces  should  be 
attended  by  greater  uniformity  of  cells;  at  present  surfaces 
very  carefully  prepared  at  the  same  time  and  from  the  same 
materials  yet  show  decided  differences  in  behavior,  although 
with  proper  standardization  this  objection  is  not  serious.  If 
the  cells  are  properly  constructed,  the  photo-electric  current 
appears  to  \)v  directly  pro[)ortional  to  th(>  intensity  oi  radiation," 

■•*  Elster,  J.,  and  H.  Geilel,  tlber  eiuo  noUvenclige  Vorsicktsmassregcl  bei 
der  Photometrie  sehr  grosser  Lichtstarken  vcrmittels  hochempfindlicher  .\1- 
kaliinetallzellen.     Physik.  Zeit.  15:  610-611.     1914. 

•"  Ives,  H.  K.,  Wave  length  sensibility  curves  of  ])otassium  plioto-electric 
cells.     Astrophys.  J.  40:  182-1S().     1914. 

"  Compton,  K.  T.,  and  ().  W.  HicliMnlson,  Tlic  i)liotoeIectric  elToct  II. 
Phil.  Mag.  (6)  26:  549-567.     191  :i. 

'•  Kiniz,  J.,  The  law  of  iiliotoclcctriu  pholoiiietiy.  .Vstrophys.  .1.  45:  69- 
88.     1917. 

Coblentz,  W.  W'.,  Instruments  and  methods  of  radiomctry  III.  'Phi'  photo- 
electric cell  and  other  selective  radiometers.  U.  S.  Bur.  Standards  .Sci.  paper 
319.     1919. 

Ives.  11.  E.,  The  variation  with  time  of  the  characteristics  of  a  potassium 
photo-electric  cell  as  to  sensibility  according  to  wave  length.  Astrophys.  J. 
46:  241~24S.     1917. 
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and  although  the  instruments  cannot  be  said  to  be  well  enough 
understood  for  general  biological  use.  their  value  for  some 
forms  of  laboratory  work  is  undoubted. 

Photo-voltaic  cells  and  photo-electrolytic  cells  are  of  unknown 
value. 

In  conclusion  a  word  may  be  said  regarding  means  for  trans- 
mitting only  portions  of  the  spectrum  to  radiation-sensitive 
instruments:  dispersion  and  differential  transmission. 

Dispersion  is  accomphshed  by  refracting  the  radiation  by  a 
prism  or  by  reflecting  it  from,  or  passing  it  through,  a  grating.'^ 
As  has  been  pointed  out,  in  a  prismatic  spectrum  the  original 
intensity  has  been  unequally  altered  by  passage  through  a 
prism.  This  deviation  effect  may  be  corrected  by  using  a  train 
of  prisms,  the  secondaries  correcting  the  deviation  while  still 
allowing  dispersion,  so  that  the  "direct  vision"  spectroscope 
jdelds  a  normal  spectrum.  There  are  many  objections  to  these 
spectroscopes  and  the  simplest  and,  in  general,  most  reliable 
means  of  dispersion  is  the  single  prism.  The  data  obtained 
with  such  a  prism  are  easily  corrected  for  deviation  to  yield 
results  such  as  would  have  been  obtained  if  a  normal  spectrum 
had  actually  been  obtained  in  the  first  place.  Gratings  reduce 
the  intensity  of  radiation  more  than  do  prisms  because  they 
yield  many  spectra  and  because  of  losses  by  extinction;  they 
are  expensive  to  rule  and  have  had  little  use  except  in  very 
precise  work  of  certain  kinds. 

Isolation  of  portions  of  a  spectrum  by  absorption  of  the  re- 
maining radiation  may  be  accomplished  by  interposing  suitable 
screens,  either  solid  or  liquid,  between  the  instrument  and  the 
light  source.^*  The  solid  screens  may  be  thin  layers  of  some  ab- 
sorbent element  or  compovmd,  as  a  thin  layer  of  gold  for  pre- 
venting transmission  of  infra-red  radiation.  Colored  glasses  are 
frequently  used  for  the  same  purpose.  It  must  be  remembered, 
however,  that  the  color  of  a  screen  is  no  insurance  that  it  trans- 
mits only  radiation  between  th(>  wa\e  length  limits  of  that  color. 

'»  Sec,  Tor  exiiniple  .Moes,  C.  E.  K.,  Light  filters  for  photometry.  Trnns. 
Ilium.  Kng.  See.  9:  99()  99.S.     1914. 

Ives,  II.  i;.,  .Vrtilu'iii]  chivliRht.     .1.  Fninkliii  Inst.  177:  471-499.     1911. 
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Practically'  all  glasses,  regardless  of  their  color  are  very  trans- 
parent to  infra-red  radiation.  That  the  transmission  curve 
sinks  in  the  red  portion  of  the  visible  spectrum  is  no  guarantee 
that  it  will  not  rise  again  in  the  infra-red.  j\Iuch  the  same 
statement  appUes  to  the  ultra-violet;  ordinary  glass,  even  in 
moderately  thick  laj^ers,  transmits  as  far  as  wave  length  0.35  n. 
or  0.34  yu,  and  this  maj'  be  true  for  a  glass  giving  very  complete 
absorption  in  the  blue.'^  Moreover  a  glass  does  not  show  high 
transmission  in  a  certain  portion  of  the  spectrum  with  almost 
complete  absorption  in  immediately  adjacent  portions.  In- 
stead, it  exhibits  a  transmission  curve  that  often  is  of  much  the 
same  general  appearance  as  the  curves  for  darkening  of  silver 
chloride-gelatine  preparations  shown  in  figure  5,  or  the  sensi- 
ti^^ty  curve  in  the  same  figure  (although  a  transmission  curve 
may  show  more  than  one  maximum,  even  m  the  visible  portion 
of  the  spectrum). 

The  ordinates  of  such  a  transmission  curve  alter  with  changing 
thickness  of  glass  (as  is  true  of  any  absorbing  medium — Lambert's 
law,  Beer's  law),  the  function  being  exponential  and  not  linear 
so  that  a  given  piece  of  glass  does  not  absorb  twice  as  much  as  a 
piece  of  the  same  glass  half  as  thick.  This  law  only  holds  for 
monochromatic  radiation.  Lambert's  law  to  the  effect  that 
the  percentage  of  radiation  absorbed  by  a  given  medium  of 
given  thickness  is  the  same  for  all  intensities  of  the  incident 
radiation  is  also  true  only  for  single  wave  lengths  or  small 
spectral  regions.  When  the  radiation  is  complex,  as  with  sun- 
light, the  result  is  the  absorption  curve  mentioned  above.  This 
must  be  determined  for  each  piece  of  glass  because  it  is  at  pres- 
ent impossible  to  produce  sheets  of  glass  that  are  aUke  in  their 
absorbing  power.  The  losses  due  to  reflection  from  the  sur- 
faces of  the  glass  plate  (it  must  be  remembered  that  a  single 
plate  of  glass  has  two  surfaces  and  that  the  entering  ray  also 
suffers  multiple  reflection  between  them)  are  usually  calculated 
from  Fresnel's  law.'     Even  if  the  simplest  form  of  actinometer 

"  Ham,  W.  R.,  R.  B.  Fehr,  and  R.  E.  Bitner,  The  absorption  of  ultra-violet 
by  various  kinds  of  glass.  Penn.  State  College  Report  1914.  Part  1 :  158-162. 
Published  1916. 
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is  used  (a  piece  of  sihei'-chloride-gelatiue  pa])er  exjjosed  directly 
without  a  screen  of  any  sort)  reflection  takes  place  at  the  sur- 
face and  unless  the  radiation  is  always  incident  at  right  angles 
to  the  plane  of  the  paper  the  effect  of  these  reflections  is  dif- 
ficult to  compute  and,  since  the  paper  is  constantly  changing 
in  tint,  it  \'aries  in  its  reflections  of  the  radiation  in  the  various 
wave  lengths  composing  sunlight,  the  matter  becoming  still  more 
complex  with  polarized  sky  radiation. 

Recentl,y  colored  glasses  have  been  manufactured  that  show 
rather  sharply  delimited  transmission  bands  in  which  the  trans- 
mission curve  rises  very  abruptly  to  a  flat-top]3cd  maximum. 
As  such  glasses  are  available  by  which,  either  singly  or  in  com- 
bination, narrow  transmission  bands  can  be  obtained  in  almost 
any  portion  of  the  visible  spectrum,'^°  they  are  con\'enient  for 
many  sorts  of  spectro-radiometric  work.  Upon  exposure  to 
intense  radiation  the  transmission  may,  howe\'er,  drop  15  or 
20%  at  some  wave  lengths  (the  effect  is  not  uniform  at  all 
portions  of  the  spectrum  for  any  piece  of  colored  glass)  due 
to  the  absorption  of  heat."  Rises  in  temperature  of  less  than 
40 °C.,  have  very  small  effects  for  most  of  these  glasses,  however, 
and  by  interposing  a  piece  of  clear  glass  between  the  sun  and 
the  colored  glass  the  rise  in  temperature  will  not  be  excessive. 

Liquid  solutions  are  much  like  glasses  in  their  general  prop- 
erties but  have  the  advrantage  that  the  user  can  himself  more 
easilj^  \-ary  the  amoimt  of  absorption  by  small  increments  or 
decrements  than  is  the  case  for  glasses.  The  degree  of  absorp- 
tion depends  upon  the  total  amount  of  dissolved  absorbing 
substance  encountered  by  the  beam  (thus  being  altered  by  Iiotli 

"'  Oago,  II.  P.,  Colored  glass  in  illiiiniiialiiif;  engineering.  Trans,  llluni. 
Eng.  Soc.  11:  1050-1007.     191C.. 

Coblent/.,  \V.  \V.,  \V.  B.  Emerson  and  M.  H.  Long,  Spectra-radionietric 
investigation  of  the  transmission  of  various  substances.  U.  S.  Bur.  Standards 
Sci.  paper  32.').     1919. 

»'  Gibson,  K.  S.,  The  ciTect  of  temperature  upon  the  coefficient  of  absorption 
of  certain  colored  ulas.se.s  of  known  coniposilion.  I'hys.  Bev.  ('.')  7:  194-'.'02. 
1916. 

Luckeish.  .M.,  The  iMliuciicr  of  temperature  on  the  transmission  factor  of 
colored  glasses.     J.  Kranklin  Inst.  187:  225-220.     1919. 
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changes  in  t-oncont ration  and  in  thickness  of  the  absorbing 
layer)  and  hence  the  transmission  cnrvc  may  be  changc^l  at 
will  and  be  diiphcated.  Some  sohitions  exhibit  very  abrupt 
maxima  in  small  spectral  regions  transmission  bands — so  that 
for  most  purposes  the  radiation  i)assing  through  them  may 
be  regarded  as  monochromatic.  Aniline  dyes  and  their  com- 
binations offer  excell(>nt  banded  transmissions  in  almost  all 
portions  of  the  s])ectrum,  but  they  alter  in  solution  upon  ex- 
posure to  radiation  and  fade  quite  rapidly  if  the  insolation  is 
intense.  Solutions  of  inorganic  substances  are  usually  stable 
and  offer  a  considerable  range  of  choice  of  rather  sharply  banded 
spectra.  *- 

It  may  be  noted  that  if  the  surface  is  always  exposed  at  right 
angles  to  the  incident  beam  and  the  transmission  is  always 
limited  to  the  same  small  portion  of  the  spectrum  by  the  same 
prism  or  screen  properly  placed  with  respect  to  the  beam,  the 
percentage  of  radiation  actually  effecti\'e  may  be  determined 
for  the  entire  system  once  for  all  by  experimental  means,  with- 
out having  recourse  to  involved  calculations  which  become  in- 
creasingly difficult  to  evaluate  the  greater  the  number  of  surfaces 
involved. 

'-  Watts,  W.  M.,  Iiulox  of  spectra.  Appciulix  a-\v.  'iiul  ed.  Manclioster, 
England,  1889. 

Eckert,  F.,  and  R.  Puiiiineror,  I'liotog!ai>lii.schc  Spektralpliofoinetric'  dor 
Absorptionspektren  von  FarbstolTcn.     Zs.  Pliys.  Chem.  87:  ,199-618.     1911. 

Jones,  H.  C,  and  J.  A.  Anderson,  The  absorption  spectra  of  sohitions.  (,'ar- 
negie  Inst.  Wash.  Pub.  110.     1909. 

Jones,  H.  C,  and  W.  W.  Strong,  A  study  of  tlie  absorption  spectra  of  "sohitions 
of  certain  salts  of  potassium,  cobalt,  nickel,  co])per,  chromium,  erbium,  prase- 
odymium, neodymium  and  uranium  as  affected  by  chemical  agents  and  by 
temperature.     Carnegie  Inst.  Wash.  Pub.  130.     1910. 

Jones,  H.  C,  and  J.  S.  (iuy.  The  absori>tion  spectra  of  sohitions  as  affected 
by  temperature  and  by  dilution:  a  quantitative  study  of  absorption  spectra  by 
means  of  the  radio-micrometer.     Carnegi(!  Inst.  Wash.  Pub.  190.     lOlll 
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CORRELATION  OF  WIND  FLOW  AND  TEMPERATURE 
WITH  EVAPORATION' 

CHARLES  A.  SHULL 

Universily  of  Kentucky,  Lexington,  Kentucky 

Several  years  ago  the  United  States  Department  of  Agricul- 
ture inaugurated  the  study  of  evaporation  rates  under  standard- 
ized conditions  on  an  extensive  scale.  '\Miile  a  few  stations 
existed  prior  to  1916,  that  year  saw  the  establishment  of  what 
are  known  as  Standard  Class  A  Evaporation  Stations  across  the 
continent  from  east  to  west,  especiallj^  in  the  more  arid  western 
half  of  the  country.  On  January  1,  1918,  there  were  thirty  of 
these  stations  on  the  continental  United  States,  and  one  at  San 
Juan,  Porto  Rico. 

The  stations  are  standardized  as  to  exposure,  size  of  pan,  posi- 
tion of  instrimients,  etc.  The  pan  is  48  inches  in  diameter,  10 
inches  deep,  and  is  kept  with  7  or  8  inches  of  water,  the  level  of 
which  is  measured  accurately  by  a  hook  gage  constructed  to 
read  to  the  thousandth  of  an  inch.  The  data  taken  include 
maximum  and  minimum  temperatures,  precipitation,  air  move- 
ment and  its  prevailing  direction,  and  evaporation. 

Two  of  these  stations  were  established  in  Kansas,  one  near  the 
western  edge  of  the  state  at  Tribune,  and  one  at  the  University  of 
Kansas,  Lawrence.  The  station  at  Lawrence  was  located  on 
top  of  Mount  Oread,  the  highland  at  the  junction  of  the  Waka- 
rusa  and  Kaw  river  valleys,  at  an  altitude  a  little  over  1000  feet. 
The  elevation  is  about  200  feet  above  the  flood  plain  to  the  north, 
east,  and  south.  The  location  as  given  in  the  description  fur- 
nished to  the  Department  of  Agriculture  is  latitude  38°  57'  35", 
longitude  95°  14'  55". 

'  Contributions  from  the  Botanical  Laboratories  of  the  University  of  Ken- 
tucky No.  2. 
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It  was  my  privilege  to  have  charge  of  the  station  at  the  Uni- 
versit}^  of  Kansas  during  the  first  three  seasons  of  its  operation, 
and  to  give  personal  attention  to  the  taking  of  data.  The  first 
official  records  were  taken  on  August  7,  1916,  just  nine  days 
earher  than  the  establishment  of  the  station  at  Tribune.  The 
first  season  comprised  98  observations,  to  November  13,  at 
which  time  the  danger  of  injury  to  the  pan  from  freezing  com- 

TAHLE 1 
Evaporation,  air  flow,  and  icmpcralure  data 


EVAPORATION 


AIR  FLOW  TEUPERATCRE 


August,  1916* 

September,  1916. . 

October,  1916 

November,  1916t. 

March,  1917 

April,  1917 

May,  1917 

June,  1917 

July,  1917 

August,  1917 

September,  1917.. 

October,  1917 

November,  1917... 

.\pril,  1918 

May,  1918 

Juno,  1918 

July,  1918 

August,  1918 


8.245 
7.761 
5.128 
2.013 
5.953 
5.681 
5.701 
8.385 

11.061 
6.956 
5.445 
4.114 
3.079 
4.821 
8.453 
9.325 
9.881 

12.020 


4.25 

4.62 

5.03 

6.92 

7.87 

6.61 

3.73 

3.525 

2.83 

2.09 

2.61 

3.645 

3.72 

4.03 

5.2 

2.65 

2.76 

3.42 


79.19 

67.17 

56.25 

52.4 

44.9 

52.8 

58.2 

71.65 

80.4 

73.57 

69.35 

50.64 

47.4 

48.45 

68.35 

77.45 

77.6 

83.71 


Evaporation  in  inches  per  month,  air  flow  average  miles  per  hour. 
*  Twenty-five  days, 
t  Twelve  days. 

pelled  us  to  close  the  station.  The  second  season  of  observation 
began  March  1,  1917,  and  continued  without  interruption  to 
November  30;  and  the  third  season  extended  from  April  1  to 
August  31,  1918.  The  total  number  of  observations  taken  was 
526,  but  two  of  them  were  defective,  and  have  been  discarded 
because  ice  interfered  with  the  measurement  of  the  water  level 
on  October  20,  1916.  The  two  days  involved  in  this  difficulty 
have  been  omitted  from  consideration  in  the  statistical  study. 
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The  accuinulation  of  data  under  standardized  conditions  from 
many  widely  separated  localities  representing  wide  diversities 
of  climate,  should  make  possible  the  institution  of  comparative 
studies  of  climatic  conditions  in  various  sections  of  the  country, 
and  lay  the  foundations  of  a  more  scientific  crop  ecology.  The 
best  way  of  making  comparisons  is  statistical  anah'sis  of  the 
data.     During  the  period  since  my  connection  with  the  Lawrence 
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rig.  1.  Clraphs  showing  the  relation  between  the  annual  inarches  of  evapora- 
tion in  inches  per  month  (E),  wind  flow  in  miles  per  hour  {W).  .uul  tnnperaf iiro, 
divided  by  10  (7'). 

station  ceased,  I  have  examined  the  data  collected,  and  have 
subjected  it  to  statistical  treatment.  Correlation  tables  show- 
ingthe  relation  between  wind  flow  and  evaporation,  and  between 
temperature  and  evaporation  are  presented. 

The  seasonal  curve  of  e\-a]ioration  for  the  Uni\'ersity  of  Kan- 
sas station  is  fairly  normal,  low  early  in  the  season,  reaching  a 
maximum  in  .July  or  Augu.st,  and  falling  off  during  the  autumn 
months.     The  cur\e  of  average  mf)nthly  temperature  follows  a 
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similar  course,  but  tlie  curve  of  surface  wind  flow  shows  that  the 
early  and  late  portions  of  the  season  are  windier  than  midsum- 
mer. The  data  for  monthly  evaporation,  average  monthly  tem- 
perature, and  average  hourly  wind  flow  per  month  for  all  three 
seasons  are  shown  in  table  1,  and  the  curves  for  the  season  of 
1917  are  shown  in  figure  1. 

It  seems  obvious  that  the  seasonal  distriljutioii  of  air  flow  is 
j)artly  I'dated  to  the  development  of  vegetation.     In  the  early 

TABLE  ■-' 
Correlation  belween  air  flow  and  cmporntion 


Evap.      A 

i       c 

0.000— 
0.100— 
0.200— 
0.300— 
0  400 

irflc 
X)    5 

0    IC 

0    1. 

)0   2( 

K)   2. 

)0   3( 

)0   3 

)0   4( 

)0   4 

)0   5 

10  or 

0  m 

DFreq.  evap. 

16 

43 

14 

6 

1 

80 

35 

65 

32 

10 

4 

3 

149 

44 

55 

23 

9 

7, 

2 

140 

17 

38 

21 

9 

8 

2 

3 

98 

0.500— 
0.600— 
0.700— 

0  soo 

3 

12 

9 

3 

6 

1 

36 

1 

2 

8 

3 

1 

15 

1 

1 

2 

1 

2 

3 

0.900- 

1 

1 

F.  air  flow. . 

115 

214 

102 

48 

30 

7 

6 

1 

1 

.524 

months  particularly,  and  in  the  autunui  to  a  lesser  degree,  there 
is  little  obstruction  to  air  flow  from  vegetation,  but  as  summer 
advances  this  obstruction  must  offer  considerable  frictional  re- 
sistance to  atmospheric  movement.  .\t  the  same  time  convec- 
tion currents  are  more  \-igorous  in  tlie  early  and  late  portions 
of  the  season,  as  those  are  the  periods  of  rapid  and  violent  tem- 
perature changes.  It  is  also  obvious  from  figure  1  that  the 
correlation  between  evaporation  and  temperature  is  much  closer 
than    between   evaporation    and    air   flow.     Unfortunately    the 
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evaporation  stations  have  not  undertaken  hygrometric  measure- 
ments, so  that  this  third  important  factor  in  evaporation  rates, 
relative  humidity,  cannot  be  treated  statistically. 

The  mean  daily  atmospheric  movement  for  the  524  days  of 
observation  is  98.57  ±  1.99  miles,  the  mean  daily  temperature 
65.06°  ±  0.45°,  and  the  mean  daily  evaporation  0.2376  ±  0.004. 
The  correlation  table  for  air  flow  and  evaporation  is  shown  in 
table  2. 

TABLE  3 

Correlation  between  temperature  and  evaporation 

Average  daily  temperature— > 
10        20        30        40        50 


Daily 


60 


70 


100  Freq. 


evap. — 

i 
0  100— 

evap. 
80 

1 

2 

19 

35 

9 

8 

6 

0.200— 

1 

8 

29 

42 

40 

28 

1 

149 

0.300— 

6 

28 

36 

54 

16 

140 

0  400— 

1 

7 

17 

39 

34 

98 

O.oOO— 

2 

11 

21 

2 

36 

0  600— 

1 

3 

11 

15 

0.700— 

1 

1 

2 

0.800— 

3 

3 

0.900— 

1 

1 

Freq. 

temp 

1 

3 

27 

71 

86 

104 

141 

85 

6 

524 

The  standard  deviation,  a,  of  wind  flow  is  67.7  ±  1.42  miles, 
and  of  evaporation,  0.1368  ±  0.0029  inch.  By  the  usual  meth- 
ods of  determining  degree  of  correlation,  it  is  found  that  the 
correlation  coefficient  for  air  movement  and  evaporation  is 
0.29  ±  0.027. 

The  distribution  of  evaporation  with  respect  to  temperature  is 
shown  in  table  3. 
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The  standard  deviation  of  the  teinperatui-e  is  15.20°  ±  0.32°, 
and  the  coefficient  of  correlation  is  0.687  ±  0.0156,  which  is  a 
much  closer  correlation  than  in  the  case  of  air  movement. 

It  must  be  understood,  of  course,  that  these  coefficients  apply 
only  to  open  pan  evaporation  at  this  particular  station,  as  it 
occurs  under  the  standardized  conditions  fixed  bj-  the  Depart- 
ment of  Agriculture,  antl  that  the  relation  they  have  to  evapora- 
tion from  the  soil  or  trees  or  other  types  of  plants  is  still  unknowTi. 

Similar  statistical  studies  of  the  data  collected  at  the  other 
evaporation  stations,  where  topography,  climate,  and  other  fac- 
tors might  modify  the  coefficients  to  a  certain  extent,  would  be 
interesting.  Such  data  would  fiu'nish  a  basis  for  comparison  of 
climatic  complexes,  and  would  no  doubt  be  of  interest  and  value 
to  ecologists  generally. 


BOOKS  AND  CURRENT  LITERATURE 

Vegetation  of  \Vashin(;t()x  and  Idaho.— A  highly  diversified  area 
of  aljoiit  4000  square  miles  in  southeastern  Washington  and  south- 
western Idaho,  drained  by  the  Snake  and  Palouse  Rivers,  has  l)een 
subjected  to  a  very  thorough  ecological  investigation  by  Weaver.' 
The  several  formations  and  associations  are  described  in  some  detail 
and  illustrated,  but  the  most  notable  feature  of  the  work  is  the  excellent 
series  of  data  on  the  critical  i)hysic:il  conditions  in  the  leading  plant 
comnumities. 

The  wcstein  portion  of  the  area  is  occupied  by  a  desert  scrub  of  A rkm- 
7sia  and  Chnjsolhamnus.  To  the  east  of  it  are  areas  of  xerophytic 
grassland  dominated  by  Agropxjron  spicatum  and  less  xerophytic  grass- 
land formed  by  Festuca  ovina.  The  transition  zone  between  the  grass- 
land and  forest  is  occupied  by  a  shrub  comnumit\-  of  'Sytnphoncarpot<, 
Opulm^Ur  and  Kosa,  which  is  sometimes  improperly  alluded  to  by  the 
author  as  "chaparral.''  The  pioneer  member  of  the  forest  communities 
is  PiiHt.s  ponderom,  closely  followed  by  Fseudotsuga.  The  most  impor- 
tant forests  of  the  region  are  made  up  of  Larix  occidentalit;  and  Abies 
grandis,  and  the  climax  is  dominated  by  Thuja  plicata. 

The  investigation  of  ])hysical  conditions  has  centred  chiefly  in  the 
soil  moisture  and  evaporaiion,  which  were  determined  at  weekly  inter- 
vals from  May  to  September.  Data  are  also  given  on  soil  temperature, 
air  temperature,  seasonal  distribution  of  rainfall,  and  the  chemical 
composition  of  the  soil.  There  is  an  iricg\dar  rise  in  the  rate  of  evap- 
oration and  a  steady  fall  in  the  soil  moisture  during  the  rainless  summer 
months.  The  graphs  for  these  two  conditions  as  determined  in  six  of 
the  leading  plant  connmuiities  show  a  progcssive  fall  in  evaporation 
rate  and  a  rise  in  soil  moisture  as  we  pass  from  the  Agropyron  grassland, 
through  the  Fcfituca  grassland,  the  Opulasier  scrub,  and  the  forests  of 
Finn.<<  and  of  Ffieudotrnga  to  those  of  Thuja.  In  some  cases  the  condi- 
tions for  Fesluca  and  Fitmn  are  quite  similar.  Readings  taken  at  depths 
of  2  and  10  in.  indicate  a  progressive  lowering  of  soil  temperature  as  we 
pass  from  one  comnuuiity  to  the  next  in  the  successional  sequence  given 

I  Weaver,  J.  K.  A  Study  "f  the  \'egetatioii  of  Southeastern  Washiiiplon  and 
Adjacent   Idaho.     Univ.  \el).  ."Studies,  17:  I   11-1:  figs.  48;  .Tan.  1917. 
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above.  The  soil  moisture  was  determined  for  southwest  and  northeast 
slopes  in  the  summer  months.  In  the  latter  the  percentage  of  moisture 
was  from  50  to  lOO'^j  greater  than  in  the  former  during  May  and  .Iiuk  . 
and  from  20  to  50%  greater  during  July,  August  and  September.  The 
determination  of  soil  moisture  at  jirogressive  depths  down  to  5  feet 
showed  an  increasing  amount  of  moisture  in  July  and  August  and  a 
decreasing  amount  in  December  and  April. 

A  preliminary  paper  by  Weaver  giving  some  of  the  earlier  results  of 
this  investigation  may  be  found  in  this  journal,-  with  some  data  on 
the  physical  conditions  whicli  ha\-e  not  been  repiiblished  in  IIk-  paper 
under  notice. — Forrest  SnKi;\i.. 

A  New  Botanical  Textbook.-  (  >hc  of  llie  latest  additions  to  botan- 
ical literature  is  a  textbook  for  agricultural  students  covering  a  year's 
work  in  botany.'  The  author's  objects  as  stated  in  the  introduction, 
are  to  present  the  structtu-es  and  functions  of  flowering  plants  and  to 
relate  them  to  such  agricultural  suljjccts  as  farm  crops,  forestry  and 
horticulture,  and  to  the  more  advanced  courses  in  botany;  to  present 
the  kinds  of  plants  with  emphasis  upon  their  evolutionary  relationships 
and  their  economic  importance;  and  to  present  evolution,  heredity  and 
plant  breeding  as  related  to  the  improvement  of  plants.  Part  1  consists 
of  chapters  on  flow^ers,  pistils  and  stamens,  seeds  and  fruits,  germina- 
tion of  seeds,  cells  and  tissues,  roots,  stems,  Inids  and  leaves;  Part  2, 
chapters  on  thallophytes,  bryophytes,  pteridophytes,  .spermatophytes, 
classification  of  angiosperms  and  families  of  economic  importance, 
ecological  classification  of  plants,  evolution,  heredity  and  plant  Ineeding. 

In  the  opinion  of  the  writer  the  arrangement  of  the  chapters  might 
easily  be  improved.  Part  1  dealing  with  complicated  structiu'cs  should 
be  much  more  readily  grasped  by  the  average  student  after  completing 
the  study  of  the  lower  groups  of  plants  presented  in  Part  2.  The  chap- 
ters on  cells  and  tissues,  roots  stems,  buds  and  leaves  should  precede- 
the  study  of  the  flower.  Of  course  such  readjustments  are  easily  made. 
The  addition  of  some  ecological  facts  is  commendable,  and  this  feature 
of  the  book  might  liave  been  added  to  in  view  of  its  importance  to  stu- 
dents of  grazing  and  forestry.  The  volume  contains  ni\ich  new  infor- 
mation, the  material  is  clearly  presented  and  well  illustrated,  and  it  is 
a  valuable  addition  to  (he  list  of  college  agricultural  t(>xts.-    J.CHhown. 

2  Weaver,  J.  E.  Evaponitioii  and  L'iaiit  Succession  in  Southeastern  Wasli- 
innton  and  .\djaccnt  Idaho.     Plant  World,  17:  273-294,  Oct.  1914. 

'  Mart  in,. John  N.     Botany  for  Agricultural  ."Students.     John  Wiley  &Son.s.  1919. 


NOTES  AND  COMMENT 

To  (>v(-ryone  who  has  reflected  upon  the  profound  importance  of 
paper  in  the  maintenance  of  our  modern  civiHzation  there  will  he  matter 
of  interest  in  the  report  made  by  Franklin  H.  Smith,  Statistician  of  the 
Forest  Service,  on  the  production  of  wood  pulp  in  1918.  During  that 
j^ear  5,251,000  cords  of  wood  were  converted  into  3,319,000  tons  of 
pulp  in  the  United  States.  This  production  represents  a  decrease  of 
6%  from  the  preceding  y(!ar,  at  the  same  time  that  our  imports  of  wood 
pulp  fell  from  605,000  to  516,000  tons,  and  our  exports  of  news  print 
paper  increased  5%  and  some  other  classes  of  papei-  as  much  as  14%. 
In  these  war  time  figures  lies  a  large  part  of  the  explanation  of  the  recent 
shortage  of  paper  and  consequent  increase  in  the  subscription  price  of 
most  newspapers  and  journals.  In  1918  over  75%  of  the  wood  used  for 
pulp  was  domestic  or  imported  spruce,  hemlock,  and  balsam  fir,  the 
heaviest  cuttings  of  these  trees  being  made  in  Maine,  New  York,  Wis- 
consin, Pennsylvania  and  New  Hampshire.  In  view  of  the  growing 
shortage  of  hardwood  lumber  it  is  interesting  to  note  that  inroads  are 
now  being  made  on  such  trees  as  maple,  beech,  birch,  and  chestnut  for 
wood  pulp,  although  they  form  only  about  4%,  of  the  total  amount  of 
wood  consumed.  The  soda  and  sulphate  processes  are  used  for  the 
reduction  of  hardwoods,  while  the  sulphite  and  mechanical  method 
are  used  for  the  conifers. 

The  incredible  view  that  certain  evergreen  plants  possess  "starch 
leaves"  and  "fat  leaves"  has  been  refuted  by  Miss  Gwynethe  M. 
Tuttle  for  several  herbaceous  plants  of  western  Canada  (Annals  of  Bot- 
any, April,  1919).  In  late  October  the  leaves  were  found  to  be  poor  in 
starch  and  rich  in  fats  and  oils.  When  potted  plants  of  Linnaea  and 
Pyrola  and  shoots  of  Picea  were  subjected  to  a  temijerature  of  68°F. 
in  the  dark  there  was  a  reappearance  of  starch  and  a  disappearance  of 
the  fats  and  oils.  The  epidermal  cells  of  Linnaea  are  without  starch 
chu-ing  the  summer,  but  filled  with  globules  of  oil  in  the  autunm.  In 
from  two  to  eight  days  at  th(>  higher  temperature  the  epidermal  cells 
were  found  to  contain  a  large  amount  of  starch.  The  presence  of  lipase 
was  demonstrated  in  the  material.     No  evidence  was  found  to  indicate 
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that  there  is  any  difference  between  tlie  various  leaves  of  the  sanie  plant 
with  respect  to  the  presence  of  starch  or  fats  under  the  same  condi- 
tions. A  sudden  lowering  of  the  temperature  Avas  found  to  kill  plants 
of  Linnaea  in  which  the  reappearance  of  starch  had  been  experimentally 
inihiced. 

A  valuable  place  in  bibliographical  literature  is  being  filled  by  the 
Agricultural  Index  (published  by  the  H.  W.  Wilson  Company,  958 
University  Avenue,  New  York)-  'l"he  Imlcx  is  now  in  its  fourth  vol- 
ume and  is  devoted  to  the  publicatiini  d'  all  titles  in  77  of  the  leading 
journals  in  agriculture  and  related  subjects.  The  titles  are  arranged 
topically  and  geographically,  and  are  without  abstracts.  Both  tech- 
nical and  popiil.ar  material  is  included. 

A  Flora  of  the  District  of  Columbia  and  Vicinity  has  been  published 
as  a  Contribution  from  the  National  Herbarium  by  A.  S.  Hitchcock  and 
Paul  C.  Standley,  with  the  collaboration  of  a  number  of  Washington 
botanists.  In  order  to  nuikc  the  flora  of  more  general  use  the  technical 
key  to  families  has  been  supplemented  by  a  separate  key  based  chie% 
on  vegetative  characters.  Some  of  the  attractive  scenery  and  showy 
plants  of  the  Washington  region  are  illustrated. 
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WATER  CONTENT  AND  TEMPERATURE  AS  FACTORS 
INFLUENCING    DIASTASE    FORMATION 
IN  THE  BARLEY  GRAIN 

WILLIAM  EUGENE  PICKLER 
Wabash  College,  Crawfordsville,  Indiana 

1.  INTRODUCTION 

The  hj-drolysis  of  starch-paste  by  germinating  barlej^  was  ob- 
served by  Kirchoff  in  1814.  The  first  account  of  an  enzyme  in 
solution  is  that  of  Dubranfaut  (1830).  He  found  that  an  aque- 
ous extract  of  malt  converted  starch-paste  to  sugar.  The  active 
agent  for  this  conversion  was  not  discovered  until  1833.  In 
that  year  Payen  and  Persoz  (1833)  precipitated  by  means  of 
alcohol,  from  an  aqueous  extract  of  malt,  a  white  powder  which 
had  the  power  of  converting  starch  paste  to  sugar.  This  powder 
they  called  diastase.  Since  its  discovery  our  knowledge  of  dias- 
tase has  greatly  increased.  Its  formation,  distribution,  and  be- 
havior to  temperature,  chemical  agents,  etc.,  have  been  the  sub- 
ject of  especial  investigations,  and  excellent  discussions  of  the 
literature  may  be  found  in  Green  (1901),  Effront  (1902)  and 
Czapek  (1913). 

Comparatively  little  is  known  concerning  the  relative  activity 
of  diastase,  its  increase  or  its  decrease,  in  the  resting  seed  under 
different  conditions  of  moisture,  temperature,  etc.,  in  storage. 
Since  the  quantity  of  water  in  the  seed  varies  considerably  under 
different  conditions  of  storage  and  relatively  small  variations 
have  a  marked  effect  on  fundamental  life  processes,  as  for  ex- 
ample, respiration,  it  was  thought  worth  while  to  investigate  the 
effects  of  moisture  and  temperature  on  the  grain  in  storage. 
\\'liite  (1909)  in  studying  the  latent  life  of  resting  seeds,  found 
that  active  diastase  is  present  in  them  in  an  apprecial)le  amount. 
The  diastase  and  other  enzymes 
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retain  their  activity  witliout  appreciable  change  in  stored  dry  seeds  for 
20  or  more  years,  that  is  long  after  the  power  of  germination  has  been 
lost,  which  takes  place  in  wheat  after  11  to  16  years,  barley  8  to  10 
years,  oats  5  to  9  years,  maize  and  lyc  over  5  years.  The  life  of  the 
stored  seeds  is  largely  dependent  upon  the  climatic  conditions,  a  dry 
climate  favoring  longevity. 

The  experiments  of  Kolkwitz  (1901)  on  the  re.spiration  of 
barley  as  affected  by  moisture  content  are  of  interest,  since  it  is 
through  the  hydrolization  of  starch  by  diastase  that  active  and 
long  continued  respiration  depends.  Kolkwitz  found  tliat  1 
kilo  of  barley  with  a  moisture  content  of  IQ  to  1\%  gives  ofT  in 
24  hours  from  ^  to  1.5  mgm.  of  CO..  In  barley  containing  20% 
water  the  respiration  is  markedly  higher  than  could  be  attained 
through  any  increase  of  temperature  in  air-dry  barley,  that  is, 
barley  containing  10  to  11%  water.  One  kilo  of  barley  of  33% 
water  content  gives  off  in  24  hours  2000  mgm.  of  CO2,  and  this 
quantity  of  CO2  may  be  increased  ten  fold  by  an  increase  in 
temperature  and  an  increase  in  the  quantity  of  oxj-gcn  supplied. 
Duvel  (1904),  Babcock  (1912),  and  others  have  had  similar 
results. 

2.  MATERI.'VLS  AND  METHODS 

Water  content  and  temperature  are  the  two  factors,  the  effect 
of  wliich  on  the  diastase  content  of  the  resting  seed  it  was  planned 
to  study.  Both  factors  must  be  controllable  within  narrow 
limits  over  considerable  periods  of  time.  Much  time  was  used 
in  working  out  methods  by  which  the  temperature  and  more  es- 
pecially the  moisture  content  was  maintained  through  longer 
periods  of  time  and  with  relatively  slight  variations.  Kolkwitz 
(1901)  experienced  a  similar  difficulty.     He  says, 

Die  Hauptschwicrigkcit  dieser  Untersuchungcn  lag  in  der  Wahl 
einer  gceigneten  Methode,  denn  ein  Schwanken  im  Feuchtigkeitgehalt 
der  hygroskopischen  Korner  wahrend  des  Vci-suchcs  hattc  die  Genauig- 
keit  der  Hesultate  ernstlich  in  Frage  gestellt. 

Manshur\-  barley  obtained  from  Vaughan's  Seed  Store,  Chi- 
cago, was  first  used.     It  was  giv(Mi  up  and  White  Hulless  sub- 


FACTORS   INFLUENCING   DIASTASE   FORMATION  223 

stituted  because  it  was  found  impossible  to  distinguish  between 
the  moisture  held  in  the  outer  covering  of  the  kernel  and  that 
of  the  kernel  proper.  Brown  (1909)  experienced  a  similar  diffi- 
culty.    He  says, 

It  should  ho  pointed  ovit  that  the  dctorniinations  on  which  the 
curves  are  based  arc  affected  by  an  unavoidable  error  due  to  the  man- 
ner in  which  the  values  arc  ariived  at.  Sonic  allowance  should  b(>  made 
for  the  amount  of  water  ab.'^orbed  by  the  outer  covering  of  the  seeds. 
It  is  not  possible  to  evaluate  this  amount  very  closely;  apparently, 
however,  it  may  be  taken  as  equal  to  about  8' f  of  the  original  weight 
of  the  dry  seeds. 

.Vii  error  of  8*^(1  in  moisture  content  is  far  too  large,  since  the 
respiration,  as  we  have  already  seen,  is  markedly  affected  bj' 
far  smaller  moisture  variations.  We  shall  see  later  that  this  is 
also  true  of  diastase  activity  in  the  seed. 

Moisture  control 

Two  methods,  both  successful,  were  used  to  bring  the  barley 
grains  to  the  desired  moisture  content.  The  first,  which  might 
be  termed  the  immersion  method,  was  used  when  a  relatively 
high  water  content  was  desired  and  the  period  of  experimenta- 
tion did  not  exceed  12  hours.  The  second,  which  might  be 
termed  the  vapor  tension  method,  was  used  in  the  greater  number 
of  experiments.  It  permits  of  a  far  more  delicate  control  of 
moisture  content  and  the  desired  content,  once  reached,  can  be 
maintained,  under  proper  conditions,  almost  indefinitely.  It 
cannot  be  used  where  a  moisture  content  sufficiently  high  for 
germination,  or  nearly  so,  is  desired. 

The  immersion  method 

Brown  (1909)  first  called  attention  to  the  fact  that  the  mem- 
branes covering  the  barley  grain  are  semi-permeable  in  nature. 
In  consequence  of  this  and  the  strong  affinity  for  water  of  the 
grain  itself,  it  is  possible  by  varying  the  density  of  the  solution 
to  furnish  the  grain  a  definite  quantitj^  of  water.     Schroeder 
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(1911)  and  Shull  (1913)  have  applied  and  extended  this  method. 

A  definite  quantity-  of  barley  grains  was  placed  directly  into 
a  saturated  solution  of  LiOl.  This,  according  to  Shull  (1913), 
gives  the  highest  osmotic  pressure  of  any  known  neutral  salt 
and  he  found  that  the  seeds  of  Xanthium  were  unable  to  take  up 
water  from  a  saturated  solution.  This  means  that  the  osmotic 
pressure  of  the  salt — 965.3  atmospheres — is  greater  than  the 
force  of  imbibition  of  the  seeds.  In  solutions  of  less  density  it 
was  possible  for  the  seeds  of  Xanthium  to  take  up  water  until 
the  imbibition  force  of  the  seeds  and  the  osmotic  power  of  the 
solution  were  in  equilibrium.  Brown  (1909)  had  found  that  the 
coats  of  the  barley  grain  are  semipermeable  and  that  seeds 
extracted  water  from  solutions  of  H0SO4,  NaNOj,  CuSO^,  etc. 
Tests  showed  that  the  coats  of  barley  are  impermeable  to  LiCI 
in  solution  and  solutions  of  this  salt  were  chosen  in  preference  to 
the  solutions  used  by  Brown.  ]\Iuch  to  mj-  surprise  the  barley 
grain  took  up  considerable  water  from  a  saturated  solution  of 
LiC'l  thus  showing  it  to  possess  an  imbibition  force  nuich  greater 
than  that  of  Xanthium. 

Twelve  test  tubes  each  with  10  cc.  of  a  saturated  solution  of 
LiCl  were  heated  in  a  water  bath  to  30°C.  Into  each  tube  100 
air-dry  barley  grains,  the  weight  of  which  had  been  previously 
determined  were  placed.  Each  tube  was  stoppered  with,  a  per- 
forated rubber  stopper  with  a  capillary  tube  to  allow  an  equali- 
zation of  pressure  during  the  heating.  The  tubes  were  then 
immersed  in  the  water  bath,  so  that  the  upper  end  of  the  glass 
tube  only  projected  above  the  water.  An  equal  number  of  sam- 
ples of  barley  grains  were  treated  in  a  like  manner  except  that  dis- 
tilled water  was  substituted  for  the  salt  solution.  Tubes  con- 
taining air-dry  barley  served  as  checks.  At  intervals  of  2  hours, 
three  tubes,  one  containing  a  samjile  in  the  salt  solution,  the 
second  containing  a  sample  in  distilled  water,  and  the  third, 
containing  the  air-dry  check,  were  removed  from  the  bath. 
The  grains  were  superficiality  dried  and  their  weight  again 
determined.  They  were  then  placed  on  wire  nets  and  dried  in 
a  current  of  warm  air. 
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The  vapor  tension  method 

The  vapor  tension  above  a  salt  solution  of  dilute  concentration 
held  at  a  constant  temperature  is  definite  and  constant.  It  is 
possible  by  changing  the  temperature  of  a  solution  of  given  den- 
sity to  raise  or  lower  the  vapor  tension  above  the  solution.  By 
changing  the  density  of  the  solution  and  maintaining  a  constant 
temperature,  it  is  possible  to  obtain  a  wide  range  in  vapor  tension. 

Half-gallon  fruit  jars  were  used  as  containers  in  each  case.  The 
tops  were  supplied  on  the  inside  with  a  hook  for  suspending  the 
wire  containers  described  below.  The  jars  were  supplied  with 
solutions  as  follows: 

(1)  400  cc.  satunited  solution  of  CaClj.     Twadell  reading 7.5.7° 

(2)  200  cc.  .saturated  .solution  of  CaCl.  plus  200  cc.  of  distilled 

water.     Twadoll  reading 40.0° 

(3)  100  cc.  saturated  solution  of  CaCl;  plus  .300  oc.  of  distilled 

water.     Twadell  reading 20.5° 

(4)  50  cc.  saturated  solution  of  CaCU  plus  350  cc.  of  distilled 

water.     Twadell  reading 9.0° 

(5)  400  cc.  of  water.     Twadell  reading 1.1° 

For  literature  regarding  the  derivation  of  Twadell  readings 
see  :\Iartin  (1915),  Sadtler  (1912)  and  Thorp  (1917). 

After  the  jars  were  sealed  they  were  placed  into  large  tem- 
perature cases  for  24  hours  before  the  wire  containers  containing 
the  barley  were  placed  into  them.  By  this  means,  there  was  set 
up  a  series  of  jars  whose  moisture  content  varied  from  the  lowest 
to  the  highest  possible  under  the  prevailing  temperature.  Five 
series  were  thus  maintained  at  temperature  as  follows:  5°C., 
10°C.,  15°C.,  20°C.,  and  25X'. 

After  the  jars  had  remained  in  the  cases  a  sufficient  length  of 
time  for  the  solutions  and  the  air  above  them  to  reach  an  equiUb- 
rium,  the  jars  were  fui-nished  with  the  wire  baskets  containing 
50  grams  of  barley  each.  The  cylindrical  baskets  were  made  of 
wire  netting  of  fine  mesh  and  were  suspended  by  a  bail  from  a 
hook  in  the  top  of  the  jar.  The  lower  end  of  these  baskets  was 
5  cm.  above  the  liquid.  Each  container  was  weighed  several 
times  a  day  until  it  attained  a  constant  weight. 
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As  soon  as  a  container  attained  a  constant  weight,  a  weighed 
amount  of  barley  grains  was  remo^•ed  and  rapidly  dried.  The 
drying  in  this  case  took  place  in  a  drier  especially  constructed 
for  the  purpose.  By  means  of  a  blower,  heated  air  was  driven 
over  wire  pans  which  were  arranged  in  tiers  and  co^■e^ed  with  a 
large  tubulated  bell-jar.  Grains  with  the  largest  <iuantity  of 
water  used  in  these  experiments  were  thoroughly  dried  in  2 
hours. 

When  the  seeds  had  become  thoroughly  dried  they  were 
ground  to  a  fine  powder.  Five-tenths  of  a  gram  of  this  ground 
material  was  taken  from  each  sample  and  digested  for  an  hour  at 
50°C.  in  50  times  its  weight  of  distilled  water.  During  the  proc- 
ess of  digestion,  the  mixture  was  thoroughly  stirred  at  frequent 
intervals.  The  extract  obtained  was  placed  in  a  centrifuge  and 
rapidly  rotated  for  ten  minutes  in  order  to  remove  all  suspended 
materials,  especially  starch  grains.  This  treatment  was  found 
to  be  necessary,  for  the  amount  of  starch  in  the  ground  material 
was  sufficient  to  introduce  a  large  error  in  the  results. 

The  starch  solution 

A  0.2%  solution  of  soluble  starch  was  used  in  all  of  the  deter- 
minations for  diastase.  This  was  prepared  by  dissolving  an 
accurately  weighed  amount  of  Lintner's  soluble  starch  in 
boiling  distilled  water.  A  fresh  solution  was  made  for  each 
detennination. 

Diastase  activity 

The  diastase  activity  (Abderhalden  1910),  (Oppenheimer 
1911)  of  the  ground  barley  was  determined  by  adding  4  cc.  of 
the  barley  extract  to  20  cc.  of  the  starch  solution.  The  mixture 
was  placed  in  a  50  cc.  flask  which  was  then  immersed  in  the  bath 
until  only  a  small  part  of  the  neck  extended  above  the  water. 
At  intervals,  2  cc.  of  this  solution  were  removed  from  the  flask 
and  added  to  an  equal  quantity  of  distilled  water  in  a  test  tube. 
It  was  rapidly  brought  to  boiling  and  allowed  to  cool  to  room 
temperature.     Each  tube  was  then  tested  with  3  drops  of  a  0.1 
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normal  iodine  solution,  which  had  been  standardized  by  titrat- 
ing it  against  a  solution  of  sodium  thio-sulphate.  The  tube 
which  gave  no  reaction  for  starch  or  any  of  the  dextrines  when 
the  iodine  was  added,  was  selected  as  the  one  determining  the 
end  point  of  the  conversion.  The  moisture  content  of  the  ail"- 
dry  barley  was  ascertained  and  the  diastase  activity  determined 
in  a  like  manner. 

Temperature  control 

In  the  course  of  experimentation,  two  different  temperature 
controlling  de\'ices,  a  water  bath  with  thermostatic  control  and  a 
temperature  case,  were  used.  The  former  was  used  for  experi- 
ments at  30°C.  For  lower  temperatures  than  30°C.  this  was 
impracticable  and  the  cases  with  chilling  devices  were  employed. 

In  order  to  keep  the  starch  solution  at  an  even  temperature 
during  its  conversion  by  the  diastase  extract,  another  bath  was 
set  up  and  maintained  at  a  temperature  of  50°C. 

3.      EXPERIMENTAL  RESULTS  AND  DISCUSSION 

The  air-dry  barley  grain  under  the  storage  conditions  of  the 
laboratory  contained  8.76%  of  water.  At  temperatures  of  5, 
10,  15,  20,  and  25°C.,  the  diastase  of  this  grain  as  determined 
by  the  period  required  to  hydrolyze  a  starch  solution  of  given 
concentration,  is  44  hours,  00  minutes;  44  hoiu-s,  00  minutes;  42 
hours,  45  minutes;  42  hours,  15  minutes;  and  41  hours,  15  min- 
utes respectively.  These  results — table  1 — express  the  temper- 
ature effect  on  diastase  in  barley  with  8.76%  of  water.  The 
quantity  of  diastase  in  the  barley  grain  at  the  above  tempera- 
tures varied  only  slightly  during  a  period  of  from  2  to  3  weeks. 
At  a  temperature  of  30°C.  the  initial  diastase  is  sUghtly  increased 
and  this  continued  for  the  period  of  exposure — 12  hours.  The 
results  are  shown  in  table  2. 

The  results  given  in  table  3  show  quite  clearly  that  the  vapor 
tension  method  is  well  adapted  for  furnishing  different  amounts 
of  water  to  samples  of  air-dry  grain.  .\t  5°C.  the  water  content 
of  barley  grains  suspended  above  solutions  of  different  conceii- 
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TABLE  1 
Diastalic  activity  of  air-dry  barley  graiyis  (checks) 


TEMPEBATDBE 

WEIGHT  OF  GRAINS  USED 

WATER  CONTENT  OF 
GRAINS 

TIME  FOR  CONVERSION 
OF  STARCH  SOLUTION 

det.  C. 

grams 

grams 

hours 

minutes 

5 

1.9383 

8.76 

44 

00 

10 

1.3815 

8.76 

44 

00 

15 

1.8657 

8.76 

42 

45 

■     20 

1.9138 

8.76 

42 

15 

25 

1.8614 

8.76 

41 

15 

TABLE  2 
Diastalic  activity  of  air-dry  barley  grains  (checks)  at  SO°C. 


TIME    IN    BATH 

WEIGHT  OF  GRAINS  USED 

WATER  CONTENT  OF 

TIME  FOR  CONVERSION 
OF  STARCH  SOLUTION 

hours 

grams 

grams 

hours 

minutes 

2 

3.7211 

8.76 

43 

30 

4 

3.8348 

8.76 

42 

45 

6 

3.6263 

8.76 

41 

45 

S 

3.9076 

8.76 

41 

15 

10 

3.9549 

8.76 

40 

30 

12 

3.7246 

8.76 

40 

00 

TABLE  3 

Per  cent  of  water  in  samples  used  for  diastase  determination 


SOLUTION 

5°C. 

10°C. 

IS'C. 

20'C. 

25«C. 

10.91 

11.02 

10.51 

11.51 

11.98 

200  cc.  saturated  solution  CaCU  plus  200  cc. 

distilled  water 

16.44 

17.54 

17.37 

19.44 

20.38 

100  cc.  .'jaturated  solution  CaCh  plus  300  cc. 

distilled  water 

22.34 

23.68 

24.90 

24.38 

25.07 

50  cc.  saturated  solulion  CaCU  plus  350  cc. 

24.72 
26.83 

25.76 
29.91 

30.70 
28.74 

29.06 
30.97 

30.58 

32.48 

tration  from  distilled  water  to  a  saturated  solution  of  CaClo, 
varied  from  10.91  to  32.48%.  Abo\'e  a  saturated  solution  of 
CaClo,  (1),  air-dry  barley  grains  take  up  only  'lATy'  [  of  water 
but  when  placed  above  a  solution  approximately  half  as  dense, 
(1-1),  they  absorb  7.68%,  or  about  3.5  times  the  quantity. 
When  the  density  of  the  solution  is  again  reduced  by  mixing  1 
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part  of  a  saturated  solution  of  CaClj  with  3  parts  of  distilled 
water,  (1-3),  the  amount  of  water  taken  up  by  the  grains  is  al- 
most double  that  taken  up  by  grains  placed  above  a  solution  of 
equal  parts  of  distilled  water  and  a  saturated  solution  of  CaClj. 
A  further  decrease  in  the  density,  (1-7),  causes  another  increase 
in  imbibition  but  in  this  instance  it  is  only  2%  more  than  in  the 
last  mentioned  case.  Grains  suspended  above  distilled  water 
show  a  concomitant  increase  in  the  amount  of  water  taken 
u]).  In  this  case  it  is  about  2%  higher  than  in  grains  held  above 
the  greatest  dilution  of  CaCl>  used.  The  above  method  enables 
one  to  study  the  diastase  of  the  barley  grain  at  5°C.  with  a 
water  content  of  10.91%,  16.44%,  22.34%,,  24.72%,  26.83%, 
respectively. 

At  10°C.  above  solutions  of  CaCU  of  the  same  concentrations 
as  used  at  5°C.  the  grains  again  give  us  an  ascending  series  in 
respect  to  the  water  content  and  differ  from  the  first  (5°C.)  in 
that  the  content  above  respective  solutions  is  slightly  higher. 
For  example,  the  increase  above  the  saturated  solution  of  CaCU 
is  0.11%;  that  above  the  solutions,  1-1,  1-3,  1-7,  and  distilled 
water  is,  1.1,  1.34,  1.04  and  3.08%  respectively.  The  amount 
of  water  taken  up  by  barley  grains  at  15°C.,  when  suspended 
above  the  different  solutions,  increases  as  the  density  decreases 
but  the  increase  does  not  take  place  as  uniformly  as  at  the  pre- 
vious temperatures.  These  irregularities  are  to  be  expected  be- 
cause of  the  nature  of  the  salt  used  (CaCU)  as  already  observed 
by  WuUner  (1860). 

The  amount  of  water  taken  up  by  the  grains  at  20°C.  above  the 
series  of  solutions,  again  assumes  a  regular  increase  as  the  den- 
sity is  decreased.  The  amount  of  water  taken  up  above  dis- 
tilled water  is  about  8  times  as  great  as  that  absorbed  above  a 
saturated  solution  of  CaCla.  The  same  progressive  increase  in 
the  amounts  of  water  taken  up  by  the  grains  is  also  found  when 
the  solutions  are  maintained  at  a  temperature  of  25°C.  In 
this  case  the  amount  of  water  which  the  grains  take  up  when 
suspended  above  distilled  water  is  about  7  times  greater  than 
that  absorbed  above  a  saturated  solution  of  CaCl.. 

The  rate  of  hydrolysis,  as  shown  in  table  4,  shows  that  the 
method  allows  a  study  of  the  effects  of  temperature  and  water 
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content  on  the  diastase  in  the  dormant  barley  grain.  The  fac- 
tors, temperature  and  water  content,  have  been  the  repeated 
subjects  of  investigation  on  the  respiration  of  barley  grains. 
The  results  show  a  general  uniformity  in  that  a  rise  of  tempera- 
ture as  well  as  a  rise  in  water  content  markedly  affects  the  respira- 
tion.    As  already  stated,  the  experiments  of  Kolkwitz   (1901) 

TABLE  4 
Determination  of  diastase  activity.    Average  of  Z  trials 


SOLUTION 

5°C. 

10°C. 

15°C. 

20°C. 

25''C. 

hours 

utes 

hours 

uUs 

hours 

utes 

hours 

utes 

hours 

utes 

Saturated  solution  of 

CaCU 

36 

52 

36 

15 

36 

00 

35 

37 

34 

52 

200  cc.  saturated  solu- 

tion CaClo  plus  200 

cc.  distilled  water.  . . 

34 

22 

33 

15 

33 

22 

32 

22 

31 

37 

100  cc.  saturated  solu- 

tion CaClo  plus  .-JOO 

cc.  distilled  water. . . 

29 

52 

27 

30 

28 

00 

27 

45 

26 

27 

50  cc.  saturated  solu- 

tion CaCU  plus  350 

cc.  distilled  water. .  . 

27 

30 

26 

37 

25 

37 

24 

52 

23 

45 

26 

07 

24 

15 

25 

52 

23 

07 

20 

00 

first  acquainted  us  with  the  effect  of  increased  water  content  of 
the  barley  grain  on  its  respiratory  activity.  Other  investigators 
have  hatl  similar  results.  Bailey  and  (iurjar  (1918)  have  re- 
cently contributed  an  elaborate  investigation  on  the  relation  be- 
tween respiratory  activity  and  water  content  of  stored  grain. 
Their  results  on  the  respiration  of  Haynes  Bluestem  (^^linnesota 
169)  wheat  is  of  especial  interest  and  is  reproduced  below. 


UOIBTCRE 

CARBON   DIOXIDE  llE- 

BIMIIKD   PER   24    H01-R9 

KOR   EACH   lOO  GRAMS 

OF  DRY  MATTER 

MOIBTUHE 

CARBON   DIOXIDE  RE- 
SPIRED PER  24   UOrRS 
FOR   E.«U   100  GRAMS 
OF  DRY    MATTER 

per  cent 

12.50 
13.93 
14.78 
15.42 

rngm. 

0.54 
0.65 
0.86 
1.62 

per  cent 
16.08 
16.65 
17.07 

mgm. 
2.88 
6.86 

11.72 
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The  water  content  of  the  air-dry  grains  increased  only  slightly 
when  suspended  above  a  saturated  solution  of  CaCU  at  5,  10, 
15,  20,  and  25°C.  respectively.  The  total  increase  of  water  con- 
tent in  the  range  of  temperatures  used  is  1.07%.  Above  a  solu- 
tion of  half  that  density,  an  increase  in  temperature  of  5°C.  is 
sufficient  to  cause  an  increase  in  water  content,  (1.07%)  equiva- 
lent to  that  obtained  throughout  the  whole  range  of  tempera- 
ture (5°C.  to  25°C.)  above  a  saturated  solution.  In  the  range 
of  temperatures  used  (5°C.  to  25°C.)  an  increase  of  4%  in  the 
water  content  was  observed.  Above  the  other  concentrations  of 
the  salt  solution  an  increase  of   5°C.  produces  an  increase  of 


Comparison  of  the  water  content  of  grains  immersed  in  a  saturated  solution  of  LiCl 
at  SO°C.  unth  diastase  activity 


80LCT10N 

WEIGHT  BEFORE 
IMMERSION 

IMMERSION 

C.UN 

TOTAL  WATER 

TIME  FOR  CON- 
VERSION OF 
STARCH  SOLU- 
TION 

hours 

grams 

grams 

grams 

per  cent 

hours 

minutes 

2 

3.6127 

4.1494 

0.5367 

23.61 

7 

40 

4 

3.8323 

4.. 5624 

0.7301 

27.76 

6 

50 

6 

3.8154 

4.6247 

0.8093 

29.97 

6 

15 

8 

3.7905 

4.6949 

0.9044 

32.62 

5 

40 

10 

3.8152 

4.7978 

0.9826 

34.51 

5 

05 

12 

3.8732 

4.9131 

1.0399 

35.60 

4 

45 

from  1  to  1.5%  in  the  amount  of  water  imbibed.  When  distilled 
water  is  used,  the  effect  of  the  temperature  is  about  the  same  as 
in  the  more  dilute  salt  solutions;  an  increase  of  5°C.  producing 
an  increase  of  from  1  to  1.5%  in  the  water  absorbed. 

In  column  5  of  table  5  are  given  the  amounts  imbibed,  in  per 
cent,  by  barley  grains  immersed  in  a  saturated  solution  of  LiCl 
at  30°C.  In  this  case  it  is  the  time  factor  and  the  approach  to 
imbibitional  equilibrium  that  produces  the  differences  in  water 
content.  At  the  end  of  two  hours  the  grains  absorb  14.85%  of 
water,  that  is,  have  a  total  water  content  of  23.61% — water  con- 
tent of  air-dry  grains,  8.76%  plus  14.85%  increase.  The  quan- 
tity of  water  taken  up  was  unexpectedly  large.  The  results  ob- 
tained by  Shull  in  his  experiments  with  Xaidhium  show  a  much 
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lower  imbibition  force.  The  results  obtained  with  barley  indi- 
cate that  the  imbibitional  force  exerted  by  the  barley  grain,  ex- 
pressed in  osmotic  pressure,  is  far  in  excess  of  that  of  the  seed 
of  Xanthium.  At  the  end  of  4  hours  the  grains  had  taken  up 
19.07%  of  water,  an  increase  of  5.22%.  Each  2  hour  increase 
in  the  time  of  immersion  produces  an  increase  in  the  amount  of 
water  taken  up,  but  the  increase  gradually  lessens  as  the  imbi- 
bitional forces  reach  more  nearly  equilibrium.  The  gain  of  5.22% 
of  the  two-hour  period  is  not  again  reached. 

The  amount  of  water,  expressed  in  per  cent,  taken  up  by  barley 
grains  immersed  in  distilled  water  at  30°C.  is  given  in  column 
5  of  table  6.     At  the  end  of  2  hours  the  grains  had  taken  \\\) 

TABLE  6 

Comparison  o/  the  water  content  o/  grains  immersed  in  distilled  loater  at  SO°C.  with 

diastase  activity 


TIME  FOB  CON- 

WEIGHT BEFORE 

WEIGHT  AFTER 

G.UN 

TOTAL  WATER 

VERSION   OF 

SOLUTION 

IMMERSION 

IMMERSION 

IN  GRAIN 

STARCH  SOLU- 
TION 

hours 

fframs 

grams 

grams 

per  csnt 

hours 

minutes 

2 

3.9897 

4.8387 

0.8490 

30.03 

6 

45 

4 

3.8667 

4.9917 

1.1280 

37.93 

5 

50 

6 

3.^147 

5.1592 

1.3145 

42.94 

4 

50 

8 

3.8676 

5.3742 

1.5066 

47.71 

4 

05 

10 

4.0085 

5.7212 

1.7127 

51.48 

3 

15 

12 

4.0815 

5.9692 

1.8877 

55.01 

2 

30 

21.27%  of  water,  an  amount  1.3  times  greater  than  that  ab- 
sorbed from  a  saturated  solution  of  LiCl  in  the  same  length  of 
time.  At  the  end  of  4  hours  29.17%  of  water  had  been  absorbed, 
an  amount  1.2  times  greater  than  that  at  the  end  of  2  hours. 
Here  again  as  the  grains  are  immersed  for  a  longer  time  the 
amount  of  increase  is  successively  less  until  at  the  end  of  12 
hours  (55.01%)  it  is  only  3.53%  more  than  at  the  end  of  10 
hours  (51.48%).  The  decrease  is  not  so  rapid  as  in  the  case  of 
a  saturated  solution  of  LiCl.  Upon  comparing  the  water  con- 
tent of  the  barley  grains  after  having  been  immersed  for  12  hours 
in  a  saturated  solution  of  LiCl  and  tlistilled  water  respectively, 
it  can  be  seen  that  they  are  to  each  other  as  1 :  1 .2(1.     This  method 
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of  moisture  control  permits  the  grains  to  take  up  a  much  larger 
quantity  of  water  than  was  possible  with  the  vapor  tension 
method.  The  quantity  of  water  taken  up  by  the  grains  from  a 
saturated  solution  of  LiCl  in  2  hours  time  is  over  4  times  that 

TABLE  7 
Comparison  of  the  water  content  and  diastase  activity 


TEM- 
PEK- 

ATORE 

SATDRATED 
SOLUTION 

OF  CaCli 

1-1 

1-3 

1-7 

DISTILLED 

Percent  of  water 

10.91g 

16.44g 

22.34g 

24.72g 

26.83g 

5° 

Diastase       1 
activity    1 

1st  trial 
2d  trial 
Average 

hrs. 

36 
37 
36 

30 
15 
52 

hrs. 

34 
34 
34 

45 
00 
22 

hrs. 

29 
30 
29 

15 
30 
52 

hrs. 
27 

27 
27 

15 
45 
30 

hrs. 

26 
25 
26 

min. 

30 

45 
07 

Per  cent  of  water 

11.02g 

17.54g 

23.68g 

25.76g 

29.91g 

10° 

Diastase 

activity     1 

1st  trial 
2d  trial 
Average 

36 
36 
36 

30 
00 
15 

33 
33 
33 

15 
15 
15 

28 
28 
28 

00 
15 
07 

26 
26 
26 

30 
45 
37 

24 
24 

24 

15 
15 
15 

Per  cent  of  water 

10.51g 

17.37g 

24.90g 

30.70g 

28.74g 

15° 

Diastase       1 
activity     | 

1st  trial 
2d  trial 
Average 

36 
36 
36 

00 
00 
00 

33 
33 
33 

00 
45 

22 

"28 
27 
28 

15 
45 
00 

26 
25 
25 

00 
15 
37 

25  30 

26  15 
25     52 

Per  cent  of  water 

11.51g 

19.44g 

24.38g 

29.06g 

30.97g 

20° 

Diastase        1 
activity     | 

1st  trial 
2d  trial 
Average 

35 
36 
35 

15 
00 
37 

31 
33 
32 

45 
00 
22 

27 
28 
27 

00 
30 
45 

24 
25 
24 

30 
15 
52 

22 
23 
23 

30 
45 
07 

Per  cent  of  water 

11.98g 

20.38g 

25.07g 

30.58g 

32.48g 

25° 

-,.     ^              I    1st  trial 
Diastase        /    „  ,  ,   .  , 
,.    .,       {    2d  trial 
activity      1     , 

[   Average 

34 
35 
34 

15 
30 
52 

32 
31 
31 

15 
00 
37 

27 
26 
26 

00 
15 
27 

24 
23 
23 

00 
30 
45 

19 
20 
20 

45 
15 
00 

taken  up  when  suspended  above  a  saturated  solution  of  CaCl2 
maintained  at  a  temperature  of  25'C. 

The  results,  table  7,  clearly  show  that  diastase  formation  in 
the  barley  grain  is  markedly  affected  by  water  content  and  by 
temperature. 
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At  o°C.,  a  temperature  a  little  above  the  minimum  for  diastase 
activity,  a  small  increase  in  the  water  content  of  the  grains 
shows  a  rather  marked  increase  of  the  diastase.  At  this  tem- 
perature grains  containing  10.91%  of  water  show  a  diastase 
activity  of  approximately  37,  as  indicated  by  the  hours  recjuired 
to  com-ert  the  starch  in  20  cc.  of  a  0.2%  solution.  With  a  water 
content  of  16.44'  (  the  diastase  activity  is  345.  Thus  (table  8), 
the  water  content  of  grains  suspended  above  a  saturated  solu- 
tion of  CaCl2  (5.45  grams)  and  that  above  a  solution,  1-1,  (8.22 
grams),  are  as  5.45  :  8.22.  The  diastase  of  the  .same  samples  is 
as  36.8  :  54.3,  expressed  in  the  period  of  time  necessary  for  con- 
version of  the  starch  solution.  Likewise  the  water  content  of 
grains  above  a  solution,  1-3,  (11.17  grams),  and  that  above  a 
solution,  1-1,  (8.22  grams),  are  as  11.17:  8.22,  while  the  diastase 
of  the  same  samples  is  as  29.8:  34.3.  In  views  of  these  facts  and 
since  a  constant  temperature  was  always  maintained,  it  is  evi- 
dent that  the  water  content  of  the  grains  is  an  important  factor 
influencing  diastase  formation. 

Similar  comparisons  may  bo  drawn  between  the  water  content 
and  the  diastase  formation  at  the  other  temperatures  used.  For 
example,  at  10°C'.  as  shown  in  table  7,  the  grains  above  a  satu- 
rated .solution  of  C'aCli  contained  11.02'(,  of  water  while  those 
above  distilled  contained  29.91%,  a  difference  of  about  19%. 
The  water  content  (table  8)  in  the  first  sample  (5.51  grams)  is 
to  the  water  content  in  the  second  sample  (14.95  grains)  as 
5.51:  14.95,  while  the  diastase  in  the  two  samples  is  as  36.25: 
24.25.  While  the  per  cent,  of  water  absorbed  by  the  grains  above 
the  various  solutions  at  15°C.  do  not  seem  to  conform  to  the 
amount  absorbed  at  the  other  temperatures,  from  the  results 
given  in  table  7,  the  diastase  formation  still  seems  to  conform 
to  the  amount  of  water  in  the  grains.  Thus,  while  the  grains 
contained  more  water  when  suspended  over  a  solution,  1-7, 
than  they  did  when  held  above  distilled  water,  the  time  for  con- 
version in  the  first  case  is  about  thirty  minutes  less  than  in  the 
latter.  In  other  words,  the  water  content  (table  8)  of  the  first 
sample  (15.35  grams)  is  to  the  water  content  of  the  second 
sample  (14.37  grams)  as  15.35  :  14.37.     The  dia.stase  in   these 
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samples  is  as  25.5  :  25.8.  Likewise,  table  7  shows  that  at  20°C. 
the  diastase  formation  is  dependent  on  the  water  content  of  the 
grains  since  in  the  samples  an  increase  in  the  water  of  from 
11.51%  to  30.97%  shows  a  concomitant  decrease  in  the  conver- 
sion time;  that  is,  an  increase  in  diastase  formation.  The  water 
content  of  the  grains  suspended  above  a  saturated  solution 
(5.75  grams)  is  to  the  water  content  of  the  grains  suspended 
above  distilled  water  (15.48  grams)  as  5.75  :  15.48.  The  diastase 
of  the  same  samples  is  as  35.5  :  23.1.  This  is  also  true  of  sam- 
ples maintained  at  a  temperature  of  25°C.  (tables  7  and  8). 
In  this  instance  the  water  content  of  the  grains  above  a  saturated 


TABLE  8 

luantily  of  water  present  in  grain  used  for 


diastase  determination 


SOLUTION 


Saturated  solution  of  CaClj 

20()  cc.  saturated  solution  CaCh  plus  200  cc. 

distilled  water 

100  cc.  saturated  solution  CaCU  plus  300  cc 

distilled  water 

50  cc.  saturated  solution  CaCU  plus  3.50  cc, 

distilled  water 

Distilled  water 


5°C. 

10°C. 

15°C. 

20''C. 

grama 

grams 

grams 

grams 

5.45 

5.51 

5.25 

5.75 

8.22 

8.77 

8.68 

9.72 

11.17 

11.85 

12.45 

12.19 

12.36 

12.88 

15.35 

14.53 

13.41 

14.95 

14.37 

15.48 

grams 

5.99 


10.19 
12.53 


15.29 
16.24 


solution  of  CaCl;  (5.99  grams)  is  to  the  water  content  of  the  grains 
suspended  above  distilled  water  (16.24  grams)  as  5.99  :  16.24. 
The  diastase  of  these  same  samples  is  as  34.8  :  20. 

Tables  5  and  6  give  a  comparison  of  the  water  content  and  of 
the  diastase  activity  of  grains  at  30°C.  Here,  as  in  the  previous 
experiments,  the  dependence  of  the  diastase  formation  on  the 
water  content  is  clearly  shown,  as  each  increase  in  water  content 
causes  a  concomitant  decrease  in  the  time  necessary  for  conver- 
sion. Thus,  the  water  content  (table  9)  of  the  grains  after  2 
hours  (0.85  gram)  is  to  the  water  content  after  12  hours  (1.37 
grams)  as  0.85  : 1.37.  The  diastase  of  the  samples  is  as  7.6  :  4.75. 
There  is  also  a  marked  tlifference  between  the  diastase  of  the 
samples  which  have  been  immersed  in  a  saturated  solution  of 
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LiCl  and  distilled  water  respectively,  since  the  quantity  of  water 
in  the  former  is  to  the  latter  as  1:  1.5. 

WTiile  the  water  content  at  a  given  temperature  markedly 
affects  the  diastase  formation,  it  must  be  borne  in  mind  that  an 
increase  in  temperature  toward  the  optimum  of  diastase  fonna- 
tion  likewise  produces  an  effect.  A  closer  study  of  the  figures 
in  tables  3,  8,  and  4  show  that  a  difference  of  0.1 7*^7  in  the  amount 
of  water  contained  in  the  samples  of  grains  suspended  over  the 
solution,  1-3,  at  temperatures  of  15°C.  and  25°C.  respectively, 
causes  a  reduction  of  the  time  required  for  conversion  of  about 
1|  hours  at  the  latter  temperatiu-e.  In  other  words  the  water 
content  (12.45  grams),  table  8,  at  15°C.  is  to  the  water  content 

TABLE  9 
Quantity  of  water  prcxciU  at  30°C.  in  grain  used  for  diastase  delermination 


TIME 

SATURATED  BOLDTION  OF  LiCl 

DISTnXED  WATER 

hours 

Orams 

grams 

•) 

0.8531 

1.1984 

4 

1.0657 

1.4667 

6 

1.1435 

1.6512 

8 

1.2364 

1.8163 

10 

1.3168 

2.0638 

12 

1.3791 

2.2452 

(12.53  grams)  at  25°C.  as  12.45  :  12.53.  The  diastase  from  the 
same  samples  is  as  28  :  26.5.  Likewise  the  water  content  (15.29 
grams)  above  a  solution,  1-7,  at  25°C.,  is  to  the  water  content 
(14.95  grams)  above  distilled  water  at  10°C.  as  15.29  :  14.95. 
The  diastase  from  the  same  samples  is  as  23.75  :  24.25.  Al- 
though the  difference  in  the  quantity  of  water  contained  in  the 
sample  of  grains  above  distilled  water  at  5°C.  and  that  contained 
in  a  sample  above  a  solution,  1-3,  at  25°C.,  is  rather  wide,  the 
time  required  for  conversion  in  both  cases  is  approximately  the 
same.  That  is,  the  water  content  (13.41  grams)  hi  the  lirst 
sample  is  to  the  water  content  (12.53  grams)  in  the  second  sam- 
ple as  13.41 :  12.53  while  the  diastase  from  the  same  two  samples 
is  as  26  :  26.  The  results  tend  to  show  that  temperature  does 
have  an  effect  on  the  diastase  formation. 
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Tlio  sainplps  of  harl(\\'  used  in  these  cxpcriinc'iits  were  randcmi 
samples.     Alhuisovnul  (ir  l)roken  grains,  lu)wc\'cr,  were  eliminated. 

1.  CONCLUSIOXS 

1.  Absorption  of  water  by  the  barlej'  grains  is  dependent  on 
the  temperature. 

2.  The  coats  of  the  barley  grain  are  impervious  to  LiCl  for 
the  period  of  experimentation. 

3.  The  rate  of  absorption  of  water  from  a  saturated  solution 
of  LiCl  at  2-hour  intervals  decreases  much  more  rapidly  than 
from  distilled  water. 

4.  The  osmotic  pressure  of  the  barkiy  grain  is  much  greater 
than  that  of  Xanthmni  seeds. 

5.  The  water  content  of  barley  grains  after  twelve  hours  im- 
mersion at  30°C.  in  a  saturated  solution  of  LiCl  and  distilled 
water  respectively  is  as  1:  L8. 

6.  \Mien  suspended  over  solutions  varying  from  a  saturated 
solution  of  CaCl2  to  distilled  water,  the  amount  of  water  ab- 
sorbed increases  in  decreasing  amounts,  if  the  temperature  re- 
mains constant. 

7.  At  a  constant  temperature  diastase  formation  increases 
with  the  water  content  of  the  grains. 

S.  Diastase  formation  in  the  barley  grain  is  affected  by  tem- 
perature though  not  to  so  great  an  extent  as  by  the  moisture 
content  of  the  grains. 

9.  After  twelve  hours  at  30°C.  the  diastase  of  the  barley 
grains  in  a  saturated  solution  of  LiCl  and  in  distilled  water  re- 
spectively is  as  1:  2.17  while  the  water  content  is  as  1:  l.S. 

I  take  pleasure  at  this  time  in  acknowledging  my  indebtedness 
to  Professor  Charles  F.  Hottes,  for  the  invaluable  assistance  he 
has  given,  both  in  the  construction  of  apparatus  and  in  the  ex- 
perimental procedure. 
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THE   EVIDENCE   FOR   A   GROWTH-IXIIDUTING 
SUBSTANCE  IN  THE  PEAR  TREE' 

H.  S.  REED  AND  F.  F.  HALMA 

It  is  the  purpose  of  this  paper  to  call  attention  to  the  manner 
of  development  of  new  shoots  on  the  cultivated  pear  tree  and  to 
discuss  the  evidence  for  a  growth-inhibiting  substance  afforded 
by  the  phenomenon.  The  observations  were  made  on  a  block  of 
young  Bartlett  pear  trees  growing  on  the  grounds  of  the  Citrus 
Experiment  Station. 

Figures  1  and  2  show  young  branches  of  a  Bartlett  pear  tree 
and  the  effect  of  heading  them  back.  The  points  at  which  the 
original  shoots  were  cut  off  are  plainly  seen.  Figure  1,  A,  shows 
that  two  buds  developed  after  the  original  shoot  was  amputated 
and  that  the  shoot  from  the  upper  bud  reached  a  size  many 
times  greater  than  that  arising  from  the  next  lower  bud.  Figure 
1,  B,  likewise  shows  that  two  subapical  buds  developed  into 
shoots.  The  disparity  in  size  is  not  so  marked  as  in  the  former 
example,  but  it  is  nevertheless  apparent.  Figure  2  shows  a 
vigorous  shoot  which  was  twice  cut  back.  During  the  winter  it 
was  cut  at  A  and  in  July  of  the  following  summer  three  of  the 
new  shoots  were  cut  off  at  B.  Following  the  first  pruning,  six 
vigorous  shoots  were  produced  from  buds  lying  close  to  the  point 
of  amputation.  The  three  upper  shoots  were  plainly  more 
vigorous  than  the  three  lower,  though  the  distance  between  the 
buds  from  which  they  arose  is  not  great.  As  a  result  of  the  July 
jiruning,  whorls  of  new  branches  were  produced  below  the  points  of 
amputation  in  essential  repetition  of  the  previous  development. 
Had  the  three  upper  shoots  been  unpruned  they  would  have 
remained  with  few  or  no  branches  as  did  the  three  lower  shoots. 
Emphasis  must  be  laid  on  two  features  shown  by  these  examples: 

'  Paper  59,  University  of  Califoinia,  Graduate  School  of  Tropical  Agriculture 
and  Citrus  Experiment  Station,  Riverside,  Ciilifornia. 
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(1)  the  young  shoots  remain  unbranched  for  a  long  time  if  the 
apical  l)ud  remains  active;  (2)  when  a  portion  of  a  shoot  is  am- 
putated, the  buds  immediately  below  the  point  of  amputation 
are  not  only  the  first  to  develop  into  shoots,  but  they  produce 
the  largest  shoots. 


\ 


B 


Fig.  1.  The  type  of  regeneration  resulting  from  aniimtuting  young  branches 
of  the  pear  tree. 

.4.  Two  shoots  very  unequal  in  length  which  developed  from  two  buds  just 
back  of  the  point  of  amputation.  The  lower  shoot  started  much  later  than  ihe 
upi)er. 

li.  Two  shoots  which  started  at  the  same  time,  yet  the  upper  shoot  is  larger 
than  the  lower.  The  upper  .shoot  produced  one  lateral  late  in  tlie  summer  fol- 
lowing the  cessation  of  growth  of  the  terminal  bud. 

So  long  as  the  apical  bud  of  a  shoot  grows  uiiintcrruiiti'dly, 
there  is  seldom  aii\'  d('\ciii|iiiicnt  nf  lati'i-al  branches,  as  is  shown 
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by  .1  in  ligure  1.  If  the  apical  l)ml  is  arrested  in  its  develop- 
ment a  neighboring  lateral  bud  promptly  develops  and  continues 
the  growth,  as  shown  in  the  upper  shoot  of  B  in  figure  1. 

The  sequence  of  events  in  a  regenerating  shoot  is  so  well  known 
that  further  discussion  is  unnecessary.  Many  other  trees  pro- 
duce new  shoots  in  the  same  consistent  manner  as  the  pear  tree. 
The  cause  for  the  regular  basipetal  development  of  shoots  on  a 
branch  has  not  been  clearly  understood.  The  object  of  this  dis- 
cussion is  to  emphasize  the  inadequacy  of  our  former  ideas  on 
the  subject  and  to  call  attention  to  a  more  plausible  explanation 
of  the  facts. 

Among  the  statements  ciu-i'ent  (but  vague)  there  is  an  idea  that 
the  apical  bud,  or  buds,  secures  the  major  portion  of  the  sap  in 
the  branch  and  so  develops  at  the  expense  of  the  sub-apical  buds. 
Another  statement  which  carries  the  same  idea  in  somewhat  more 
mystical  language  is  to  the  effect  that  "shoot-forming  substances 
rise  in  the  plant  while  root-forming  substances  descend."  If 
this  concept  be  the  correct  one,  it  would  seem  that  the  basal  buds 
should  be  the  first  to  develop  since  they  would  first  receive  the 
"shoot-forming  substance."  But  this  is  precisely  what  does  not 
hapi)en,  as  is  shown  by  instances  cited  above. 

To  assume  that  "polarity"  determines  the  course  of  events  in 
the  regenerating  shoot  is  to  render  one's  position  somewhat  more 
unassailable  because  of  our  ignorance  of  the  nature  of  "polarity," 
but  does  little  to  elucidate  the  question.  There  is  no  basis  in 
fact  for  comparing  a  living  shoot  with  a  magnet. 

If  we  cast  aside  the  older  ideas  and  assume  that  a  growth- 
inhibiting  substance  is  produced  in  the  apical  region  of  the  shoot 
which  perpetuates  a  condition  of  dormancy  in  subapical  buds, 
we  shall  find  that  we  have  a  theory  which  fits  the  facts. 

Loeb=  has  alreadj^  shown  that  the  presence  of  a  growth-in- 
hibiting substance  would  satisfactorily  explain  the  course  of 
events  in  the  regeneration  of  Bryophylliwi  calycinum. 

-  Loeb,  J.  The  chemical  basis  of  axial  polarity  in  regeneration.  Science, 
n.s.,  46:547,  1917. 

Loeb,  J.  The  law  controlling  the  quantity  and  the  rate  of  regeneration. 
Proc.  Nat.  Acad.  Sci.,  4:  117-121,  1918. 
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The  writers^  have  also  shown  that  there  is  support  for  the  idea 
that  a  growth-inhibiting  substance  exists  in  the  shoots  of  the 
Chinese  lemon  which  determines  to  a  large  extent  the  sequence 
of  events  in  a  regenerating  shoot.  It  was  shown  that  upright 
shoots  remain  unbranched,  except  for  a  few  laterals  near  the 
apex.  If  the  original  shoot  be  fixed  in  a  horizontal  position, 
buds  on  the  dorsal  side  will  promptly  develop;  hence  there  must 
be  something  which  perpetuates  a  condition  of  dormancy  in  the 
buds  on  the  vertical  shoot. 

Some  salient  relations  between  the  growth-inhibiting  substance 
and  the  course  of  development  were  shown  by  the  growth  of  new 
shoots  on  cuttings  of  the  Chinese  lemon.  The  results  of  these 
experiments  gave  strong  support  for  the  assumption  that  there 
is  a  substance  produced  in  the  apical  region  of  the  growing  lemon 
shoot  and  that  it  travels  through  the  phloem  toward  the  basal 
region  of  the  shoot.  This  substance  seems  to  be  the  cause  of 
dormancy  in  the  subapical  buds.  According  to  this  theory  the 
apical  buds  on  a  cutting  are  the  first  to  develop  because  they  are 
the  first  to  be  freed  from  the  inhibitory  substance.  As  soon  as 
the  apical  buds  develop  new  shoots,  they  also  produce  the  in- 
hiljiting  material  which  migrates  toward  the  basal  buds  and  per- 
petuates the  condition  of  dormancy. 

It  docs  not  appear  that  the  movement  of  the  growth-inhibit- 
ing substance  in  a  cutting  is  directed  solely  by  the  pull  of  gravity, 
because  the  progress  of  growth  in  an  inverted  vertical  cutting  is 
practically  the  same  as  in  a  cutting  in  normal  vertical  position. 

Any  bud  on  a  cutting  will  develop  if  one  removes  a  piece  of 
bark  and  phloem  immediately  above  the  bud  because  the  in- 
hibiting material  from  the  a])ical  regions  is  thus  prevented  from 
reaching  the  bud. 

The  growth  of  sprouts  on  a  potato  tulier  aft'ortls  confirmatory 
evidence  of  the  presence  in  them  of  a  growth-inhibiting  sub- 
stance.    Appleman^  has  shown  that  the  buds  on  the  apical  end 

'Reed,  H.  S.,  and  Halma,  V.  F.  On  the  existence  of  a  growth-inhibiting 
substance  in  the  Chinese  lemon.  Univ.  of  California,  Publ.  .\gr.  .Sci.,  4:  99-112, 
1919. 

*  .\pplcman,  C.  O.  Physiological  basis  for  the  preparation  of  potatoes  for 
seed.     Bull.  212,  Maryland  Agr.  Exp.  Sta.,  191S. 
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of  the  tuber  first  grow  into  sprouts  and  that  they  inhibit  the 
growth  of  the  more  basal  buds.  If  the  tuber  is  cut  into  trans- 
verse slices,  the  inhibitory  influence  of  the  apical  buds  does  not 
reach  the  others  and  there  is  a  general  development  of  buds 
over  the  entire  tuber,  depending  upon  the  thickness  of  the  slices. 

If  we  consider  the  behavior  of  the  pear  branches  previously 
described,  we  shall  see  that  their  behavior  can  be  admirably  ex- 
plained upon  the  assumption  that  the  growth  of  new  shoots  is 
regulated  by  the  action  of  a  growth-inhibiting  substance  pro- 
duced in  the  apical  portion  of  the  branches. 

In  the  light  of  this  hypothesis,  it  is  rational  that  the  new 
shoots  appear  as  they  do.  It  is  reasonable  to  assume  that  all 
lateral  buds  on  shoots  such  as  those  shown  in  figure  1  are  capable 
of  growth,  indeed  we  have  found  that  if  the  inhibiting  factors  be 
removed  each  and  every  bud  will  develop  into  a  shoot.  ^Ye 
seem  warranted  in  assuming,  therefore,  that  growth  will  take 
place  at  each  meristematic  point  unless  restrained  by  some  in- 
hibiting factor. 

In  the  case  of  pear  shoots  like  those  shown  in  figiu'es  1  and  2, 
it  would  appear  that  the  buds  inmiediatelj^  below  the  point  of 
amputation  grow  first  because  they  are  the  first  to  be  freed  from 
the  inhibiting  substance.  As  soon  as  the  new  shoots  began  to 
grow,  thej^  began  to  produce  more  of  the  inhibiting  substance 
which  in  turn  kept  the  buds  below  them  dormant.  So  long  as 
the  apical  buds  of  the  new  shoots  were  uninterrupted  in  their 
devclojiment  all  buds  beneath  them  remained  dormant.  The 
experiment  on  the  branch  shown  in  figure  2  is  conclusive  evidence 
that  the  non-development  of  the  lateral  buds  was  not  due  to 
immaturit}-,  since  when  the  three  upper  shoots  were  amputated, 
their  stumps  soon  produced  new  shoots,  while  the  two  uncut 
shoots  produced  no  corresponding  growth.  (The  small  spurs 
near  their  apices  developed  late  in  the  season  as  the  apical  buds 
ceased  their  activity.) 

In  all  the  cases  here  presented  the  shoot  from  the  uppermost 
bud  (from  the  bud  nearest  the  point  of  amputation)  was  the 
most  vigorous  produced  from  that  particular  stump  and  the 
size  of  shoots  was  regularly  less  as  the  distance  from  the  jioint 
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of  amputation  was  greater.  In  few  cases  is  the  disparity  so 
great  as  in  figure  1,  .4,  where  the  second  shoot  started  some  time 
later  than  the  first.  The  smaller  size  of  the  inferior  shoots  ap- 
pears to  be  due  to  the  effect  of  the  growth-inhibiting  substance 
produced  in  those  above,  an  effect  to  which  each  shoot  contrib- 
utes, with  the  result  that  the  lowest  buds  are  entirely  prevented 
from  developing. 


Fig.  2.  Regeneration  ul  >li<)()ls  im  a  pear  branch  which  was  twice  pruned. 
In  the  winter  tlic  branch  was  cut  at  .4,  and  in  the  following  July  the  ujipcr  three 
shoots  wore  cut  off  at  B. 


The  discussion  thus  far  has  been  based  upon  the  phenomena  of 
growth  in  ui)right  shoots.  It  will  be  next  in  order  to  examine 
the  behavior  of  shoots  in  horizontal  ])osition  to  see  whether  the 
above  assumptions  are  confirmed  or  contradicted. 

Figure  3  shows  an  instructive  case.  The  branch  there  showni 
was  originally  vertical.     Tiie  main  axis,  which  grew  slowly,  wp- 
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resents  three  seasons'  growth.  The  slow  growth  of  the  second 
season  (during  which  time  the  shoot  was  erect)  did  not  prevent 
the  development  of  fruit  spurs  from  A  to  B  on  the  wood  of  the 
previous  year.  The  weight  of  the  branch  in  the  second  season 
plus  the  weight  of  fruits  bent  the  main  axis  into  an  approximately 
horizontal  position. 

The  growth  which  occurred  in  the  third  season  was  very 
characteristic.  The  growth  of  the  previously  formed  spurs  (be- 
tween .4  and  B)  depended  entirely  ujion  their  position.     Those 


\\ 


Fig.  3.  A  pear  branch  which  changed  from  the  vertical  to  the  horizontal  posi- 
tion after  fruit  spurs  from  A  to  li  had  been  produced.     See  text  for  explanation. 


which  lay  close  to  the  "dorsal  line"  of  the  branch  developed 
into  vigorous  shoots  (about  55  cm.  each) ;  those  situated  on  or 
near  the  "lateral  lines"  of  the  branch  grew  less  (5  to  20  cm. 
each) ;  those  situated  on  the  "ventral  line"  of  the  branch  scarcely 
grew  at  all  in  length  (0.6  to  1.5  cm.). 

The  portion  between  B  and  C,  which  possessed  no  lateral  shoots 
at  the  time  the  branch  assumed  a  horizontal  position,  produced 
several  shoots  following  the  very  slow  growth  at  the  apex.     Here 
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again,  buds  on  or  near  the  dorsal  line  produced  much  larger 
shoots  than  those  near  the  lateral  lines.  Buds  situated  on  the 
ventral  line  were  mainly  dormant  and  those  which  did  grow  pro- 
duced shoots  less  than  1  cm.  long. 

We  may  now  proceed  to  analyze  the  growth  phenomena  of 
the  branch  in  the  light  of  our  previous  discussion. 

The  writers  have  previously  shown  that  horizontally  sus- 
pended cuttings  of  the  Chinese  lemon  produce  new  shoots  only 
from  the  dorsal  side.  The  beha\aor  seems  to  indicate  that  the 
inhibiting  substance  accumulates  along  the  ventral  side  of  a 
horizontal  shoot. 

If  we  assume  that  a  similar  condition  exists  in  the  pear  tree 
branches,  we  shall  have  a  logical  explanation  for  what  occurs. 
In  a  branch  such  as  shown  in  figure  3,  growth  takes  place  vigor- 
ously from  the  dorsal  side,  because  that  region  is  freest  from  the 
growth-inhibiting  substance;  growth  along  the  ventral  line  of 
the  branch  is  almost  totally  inhibited  because  the  growth-in- 
hibiting substance  is  there  most  abundant.  There  is  no  reason 
whatever  to  assume  that  the  buds  on  the  ventral  side  of  such  a 
branch  are  in  any  way  less  capable  of  development  than  those 
on  any  other  side.  Had  the  branch  been  bent  in  the  opposite 
direction,  the  type  of  growth  would  have  been  the  same,  though 
produced  from  buds  on  the  opposite  side  of  the  branch. 

If  it  were  a  question  of  the  relative  abundance  of  food  sub- 
stances, we  should  expect  the  opposite  result,  since  it  is  difficult 
to  see  how  the  upper  half  of  the  branch  could  hv  lillcd  without 
also  filling  the  lower  half. 

It  need  not  be  assumed,  however,  that  the  movement  of  this 
hypothetical  substance  is  wholly  dependent  upon  the  pull  of 
gravity.  It  will  be  seen  that  in  the  basal  portion  of  a  horizontal 
branch  the  growth,  even  of  dorsal  shoots,  is  more  and  more  re- 
stricted until  finally  buds  are  reached  which  are  wholly  dormant. 
It  seems  logical  to  assume  that  the  inhibitory  substances  are 
l)rincipally  carried  in  the  basipetal  stream  of  elaborated  materi- 
als which  travels  in  the  i)hloem  and  are  secondarily  influenced 
by  the  pull  of  gravity. 
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Tliis  persistent  tendency  uf  artilicially  bent  branches  to  produce 
shoots  on  the  upperside,  is  well  illustrated  in  espalier  or  hori- 
zontal cordon  trees.  Unless  the  dorsal  shoots  are  promptly  re- 
moved when  still  small,  the  horizontal  arms  will  suffer  and  the 
shape  of  the  tree  will  be  spoiled.  In  changing  the  vertical 
shoot  of  such  a  tree  to  a  horizontal  arm,  the  bending  has  to  be 
gradual  because  if  done  at  one  operation  the  ventral  side  of  the 
arm  will  be  bare;  if  done  gradually  the  buds  which  will  eventually 
be  on  the  lower  side  have  a  chance  to  grow,  and  the  spurs  will 
form  fruit  Vjuds  before  the  arm  finally  assumes  a  horizontal 
position. 

SUMMARY 

1.  Young  vertical  shoots  of  the  pear  tree  tend  to  remain  un- 
branched  because  of  the  dormancy  of  the  lateral  buds.  Ampu- 
tation of  a  portion  of  the  shoot  is  followed  by  a  de^'elopment 
of  lateral  buds  situated  immediately  back  of  the  point  of 
amputation. 

2.  The  manner  of  growth  affords  evidence  for  the  hypothesis 
that  a  g.owth-inhibiting  substance  is  produced  in  the  apical  por- 
tion of  the  shoot  and  that  it  travels  towards  the  base,  perpetuat- 
ing a  condition  of  dormancy  in  the  subapical  buds. 

3.  Horizontal  shoots  of  the  pear  tree  produce  the  most  vigor- 
ous growth  from  buds  near  the  dorsal  line  of  the  shoot,  little 
growth  from  those  on  the  ^-entral  line,  and  intermediate  growth 
from  those  situated  between  the  dorsal  and  ventral  positions. 
This  behavior  indicates  that  the  growth-inhibiting  substance  ac- 
cumulates on  the  A-entral  side  of  such  a  shoot,  thereby  freeing 
the  dorsal  buds  from  the  restraining  factors. 
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Science  of  Plant  Life. — When  a  great  modern  corporation  or  busi- 
ness firm  contemplates  a  new  venture  in  their  line  of  business,  the  situ- 
ation is  verj^  carefully  canvassed.  Efficiency  experts  are  set  to  work. 
They  survey  every  angle  of  the  venture,  make  reports  and  estimates. 
From  this  mass  of  data  conclusions  are  drawn  and  plans  made.  But 
how  about  the  writing  of  textbooks  for  high  schools!  How  often  do 
even  the  authors  of  textbooks  of  biological  science  approach  the  matter 
in  a  truly  scientific  fashion  without  bias?  In  the  case  of  botany  the 
author  is  usually  a  college  professor.  In  his  younger  days  he  may  have 
taught  botany  in  a  liigh  school, — he  may  have  taken  some  interest  in 
high  school  botany.  But  he  has  been  out  of  the  schools  for  years,  has 
become  saturated  with  university  methods  and  does  not  realize  that  he 
has  lost  touch  with  the  high  school  situation.  However  he  is  aUvays 
confident  he  knows  just  what  is  needed  without  investigation.  What 
is  a  secondaiy  school  textbook  for :  to  open  up  the  world  of  science  to 
the  pupil  in  a  manner  the  student  can  appreciate  and  understand,  or  to 
exploit  an  author's  notions  about  secondary  education? 

The  author  of  Science  of  Plant  Life'  expresses  himself  veiy  frankly. 
He  has  certain  beliefs  about  textbooks  of  botany  and  writes  a  book 
which  embodies  these  beliefs.  There  is  no  evidence  that  these  opinions 
are  based  on  an  educational  survey  of  the  teaching  of  botany  in  high 
schools  or  that  the  views  of  teachers  in  the  work  were  obtained  before 
the  business  of  writing  was  undertaken.  A  concrete  illustration  of 
this  method  of  approach  to  authorship  may  be  taken  from  the  preface. 
The  author  asks  rhetorically,  "Is  it  best  to  give  a  'practical'  turn  to 
the  course  by  inserting  chapters  from  other  subjects  like  agriculture, 
forestiy,  and  plant  breeding;  or  shall  the  course  be  kept  within  the  strict 
confines  of  botany."  ....  The  author's  answer  is  indicated  by 
the  tone  of  the  question  and  further  by  the  fact  that  all  the  "practical" 
topics  are  missing  from  the  table  of  contents.  But  the  trend  of  botani- 
cal teaching  in  high  schools  is  toward  the  inclusion  of  these  practical 
topics  as  giving  life  and  meaning  to  the  principles  of  botany. 

'  Tianscau,  E.  N.,  Science  of  Plant  Life.  Pp.  336,  figs.  191.  Worlil  Bouk 
Company.     1919.     (SI. 48.) 
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There  is  no  doulit  that  tlie  Uiolo^ical  sul)j<'cts,  botany  and  zoiilogy, 
have  Vieen  losinp;  ground  and  that  agrieulturo  has  been  displacing  them 
in  the  high  schools.  There  has  been  a  feeUng  in  many  phices,  evidently, 
that  botany  and  zoology  were  not  making  good.  Many  biology  teach- 
ers believe  that  there  is  need  of  a  closer  connection  of  these  sul)jects 
with  the  "problems  of  every  day" — the  animals  and  plants  which  help 
us  to  live  and  enjoy  living.  A  well  known  university  teacher  expressed 
this  idea  in  saying  that  the  fundamental  principles  of  botany  can  be 
learned  as  well  from  a  study  of  the  garden  as  from  unfamiliar  plants. 
"Practical"  topics  such  as  forestrj^  weeds,  gardens  and  many  others 
approached  in  this  way  do  not  detract  from  the  subject  as  a  science, 
and  add  much  interest  because  familiar  phenomena  are  explained. 

Science  of  Plant  Life  as  a  textbook  has  many  attractive  features. 
The  reviewer  was  much  interested  and  vers'  well  pleased  in  his  first  im- 
pressions of  the  book.  The  thing  that  is  most  striking  is  the  originality 
of  the  treatment  of  the  subject  matter  of  the  seed  plants.  Topics  like 
the  "Environment  of  Plants"  and  others  of  like  nature  pertaining  to 
the  life  of  plants  and  the  forces  that  influence  them  are  used.  But, 
strange  to  say,  having  gone  this  far  with  seed  plants,  there  is  a  relapse, 
when  the  lower  forms  are  taken  up,  into  the  usual  series  of  studies. 
How  the  book  will  work  in  actual  class  use  cannot  be  predicted  with 
certainty,  but  a  careful  reading  inclines  us  to  believe  that  the  style  and 
vocabularj'  are  too  technical  for  tenth  grade  pupils  and  that  they  will 
have  difficulty  in  reading  and  assimilating  the  subject  matter.  Most 
authors  of  biological  textbooks  find  it  impossible  to  put  away  habits  of 
thought  and  speech  used  with  fellow  teachers  and  students  for  the  sim- 
plicity of  style  and  thought  needed  to  make  these  subjects  clear  to  young 
boys  and  girls  with  no  such  vocabulary  or  famiharity  with  science. 

On  the  whole  we  feel  that  Science  of  Plant  Life  has  failed  to  meet 
the  real — we  may  almost  say  the  desperate — need  for  a  textbook  of 
botany,  which  shall  be  up  to  date  with  the  present  situation  in  the  high 
schools,  in  subject  matter  and  method  of  approach,  and  presented  in  a 
manner  simple  enough  to  interest  high  school  students.  The  book  is 
worthy  of  consideration  as  the  textbook  situation  now  stands. — W. 
Whitney. 
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Root  Tubercles.— Spratt'  has  investigated  the  strvict\irc  of  root 
tubercles  in  several  legumes  and  non-legumes,  among  the  latter,  Cycas, 
Podocarpus,  Alnus  and  Ceanothus.  In  all  Bacillus  radicicola  enters 
through  the  root  hairs.  The  origin  of  the  nodule,  however,  is  different 
in  the  two  groups.  In  legumes,  the  infection  is  followed  by  hyper- 
trophy of  the  cortex  of  the  invaded  root,  which  results  in  a  mass  of  tis- 
sue becoming  externally  visible.  At  the  base  of  this  mass  vascular  ele- 
ments api^ear  which  become  continuous  with  the  stele  of  the  root  and 
develop  superficially  in  relation  to  the  bacteria-containing  cells.  Even- 
tually the  tubercle  breaks  through  the  root  parenchyma.  ^Modification 
of  the  peripheral  meristem  of  the  tubercle  often  occiu's,  so  that  the  sur- 
face may  be  rough  or  branched  instead  of  smooth  and  roundish.  In 
Robinia,  Soplwra  and  Acacia,  the  tubercles  are  ])er('nnial  and  develop 
from  the  phellogen  a  protective  tissue. 

In  non-legumes,  the  nochde  is  a  modified  lateral  root  which  becomes 
infected  with  Bacillus  radicicola  while  traversing  the  cortical  paren- 
chyma of  the  parent  root.  Since  the  pleromc  of  the  lateral  root  is 
already  differentiated  the  stele  remains  unaffected  to  continue  its  cen- 
tral position, — a  position  just  the  reverse  of  that  occupied  by  the  vas- 
cular strands  in  the  nodules  of  legumes. 

The  cell  sap  is  said  to  have  a  marked  influence  on  the  invading  bac- 
teria, determining  the  ability  of  the  latter  to  enter  and  the  extent  to 
which  infection  threads  may  be  produced. — J.  G.  Brown. 

Penetration  of  Bean  Cuticle  by  Colletotrichum  Lindemuthi- 
ANUM. — That  Colletotrichum  Lindemuihianum  penetrates  the  cuticle  of 
the  host  in  a  purely  mechanical  way  and  is  unable  to  gain  entrance  by 
disorganizing  the  cuticular  layer,  is  claimed  by  Dey.-  An  appressorium 
is  formed  by  the  germ  tube,  which  is  attached  to  the  surface  of  the  host 
by  a  mucilaginous  envelope.  The  appressorium  subsequently  sends 
out  from  its  surface  a  peg-shaped  infection  hypha  which  pushes  through 
the  cuticle  of  the  host  in  the  same  manner  exhibited  bv  Bohytis 
cineiea. — J.  G.  Buown. 

'Spratt,  Ethel  R.,  -V  Comparative  Account  of  the  Root-iiodules  of  the 
Leguminosae.     Ann.  Bot.,  33.  pp.  189-200.     1919. 

'Dey,  P.  K.,  Stiulies  in  tlie  Fhy-siology  of  Parasitism.  .\\\\\.  Bot  33,  pp. 
305-312.      1919. 
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An  aberrant  inflorescence  of  Allium  mutabile  Michx.  was  collected 
bj'  the  writer  on  May  1,  1918,  from  a  plant  growing  with  many  others 
along  a  railroad  in  the  suburbs  of  the  town  of  Arlington,  Texas.  In  the 
two  abnormal  flowers  found,  were  exhiliited  two  unusual  modifications: 
(a)  Certain  of  the  stamen  primordia  had  developed  flowers  instead  of 
stamens.  These  flowers  were  apparently  normal  except  in  being  nmch 
smaller  than  the  usual  flowers;  (b)  In  one  of  the  two  aberrant  flow?rs  the 
ap|)arently  normal  ovary  was  surrounded  (within  the  stamen  cycle)  by 
imbricated  petaloid  structures.  Onlj-  two  flowers,  both  belonging  to 
the  same  inflorescence,  were  found,  although  an  extended  search  was 
made  on  the  other  plants  which  were  growing  rather  larofusely  in  the 
neighborhood. 


Figure  1  shows  the  condition  in  one  of  the  flowers  in  which  the  great- 
est departure  from  the  normal  has  taken  place.  It  will  be  noted  the 
perianth  is  asymmetric,  one  of  the  sepals  having  failed  to  develop. 
Also  in  atldition  to  the  "flower-like"  stamens  are  two  abortive  filaments. 
Only  two  of  the  stamens  of  this  flower  are  normal.  At  the  center  is 
seen  the  petaloid  envelope  surrounding  the  ovary.  In  figure  2  is  shown 
the  other  flower  in  which  but  one  stamen  primordium  had  developed 
abnormally.  The  remainder  of  the  flower  is  apparently  normal  in  every 
respect.  All  of  the  small  secondaiy  flowers  (most  of  them  in  l)ud  condi- 
tion near  anthesis)  possessed  anthers  borne  on  short  filaments,  which 
were  of  similar  size  to  the  anthers  of  the  primarj^  or  normal  flowers. 
Pollen  grains  from  these  anthers  could  not  be  distinguished  from  normal 
jiollen  grains.     The  pistil,  however,  was  much  reduced  as  compared 
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with  the  ordinarj'  pistil,  but  bore  a  normal  size  relation  with  the  peri- 
anth of  the  aberrant  flower  in  which  it  had  been  developed.  The  com- 
mon jihendmenon  of  bullilet  formation  in  the  inflorescence  of  species 
of  Allium  presents  a  fundamentally  similar  problem.  In  the  present 
case  the  interest  lies  in  the  fact  tliat  a  stamen  primordium  is  concerned 
and  that  merely  a  single  flower  is  reproduced  and  not  the  entire  plant, 
as  in  bulblet  formation. 

No  theories  are  here  offered  in  regartl  to  the  jihonomenon.  It  might 
be  suggested,  however,  that  if  such  a  case  were  a  mutation  it  might 
give  us  a  hint  as  to  one  method,  at  least,  displayed  in  the  evolution  of 
the  compound  umbel.  If  this  condition  involved  many  of  the  flowers 
of  an  umbel  and  was  accompanied  by  the  disappearance  of  the  pistil 
and  the  reduction  of  the  perianth  segments  to  bracts,  it  is  evident  that 
a  compovmd  umbel  would  result. — B.  "W.  Wells. 

The  publishing  hou.sc  of  Martinus  Js'ijholT,  at  The  Hague,  has  re- 
cently issued  the  first  of  the  five  volumes  of  a  work  entitled  Enumeratio 
Systematica  Fungorum.  This  work  is  a  host  index  of  the  parasitic 
fungi  of  the  European  flora,  ami  is  chiefly  due  to  the  labor  of  the  late 
Professor  C.  A.  J.  A.  Oudemans. 
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NATIVE  VEGETATION  AS  A  CRITERION  OF  SITE' 

CLARENCE  F.  KORSTIAN 

United  States  Forest  Service,  Ogdcn,  Utah 

The  literature-  of  the  past  two  years  contains  a  number  of 
discussions  of  methods  of  site  determination,  site  classification 
and  arginnents  for  standardization.  The  arguments  advanced  in 
favor  of  the  standardization  of  site  classification  are  indeed  very 
timely,  since  there  is  no  method  of  site  determination  or  classi- 
fication in  common  use  in  North  America  at  the  present  time. 
Some  form  of  standard  site  classification  is  very  desirable  for 
scientific  work,  in  the  preparation  of  accurate  forest  descriptions 
and  in  forest  regulation.  However,  as  was  evidenced  by  a  dis- 
cussion of  this  subject  at  a  meeting  of  forest  investigators  held 
in  Washington,  D.  C,  during  the  winter  of  1917,  there  seems  to 
be  a  wide  difference  of  opinion  as  to  the  basis  for  such  a  standard 
classification. 

A  satisfactory  and  convenient  method  of  site  quality  deter- 
mination is  essential  in  the  preparation  of  yield  tables  since  the 
data  on  the  yield  capacity  of  the  various  sites  are  brought  to- 
gether in  yield  tables  of  comparable  form.  In  fact,  all  volume, 
growth  and  yield  data  should  be  referred  to  site  conditions. 

'  Delivered  before  the  Society  of  American  Foresters,  at  Pittsburgh,  Pa., 
January  1,  1918.  Contribution  to  a  symposium  on  site  classification;  other 
subsequent  papers  being: 

Bates,  Carlos  G.     Concerning  site.     Jour,  of  Forestry,  16:  383-388,  1918. 

Frothingham,  E.  H.  Height  growth  as  a  key  to  site.  Jour,  of  Forestry, 
16:754-760,  1918. 

Roth,  Filibert.     Another  word  on  site.     Jour,  of  Forestry,  16:  749-753,  1918. 

-  Roth,  Filibert.     Concerning  site.     Forestry  Quarterly,  14:  3-13,  1916. 

Recknagel,  A.  B.  What  about  sites?  Proo.  Soc.  Amer.  Foresters,  11:  411- 
443,  1916. 

Spring,  Samuel  N.  Site  and  site  classes.  Jour,  of  Forestry,  15:  102-103, 
1917. 

Watson,  Russell.  Site  determination,  classification,  and  application.  Jour, 
of  Forestry,  16:  .552-563,  1917. 
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Various  criteria  of  site  determination  have  been  proposed  at 
different  times,  among  which  may  be  mentioned: 

1.  Height  of  dominant  trees  at  a  given  age. 

2.  Volume  per  acre  of  even-aged  stands. 

3.  A  formula  site  factor  based  on  the  basal  area  per  acre,  the 
average  age  of  the  stand  and  the  height  of  the  average  tree. 

4.  Classification  of  tlie  physical  and  chemical  i)roperties  of 
the  soil. 

0.  Fiber  length  of  the  wood. 

G.  Empirical  personal  judgment  with  no  scientific  or  technical 
basis  whatever. 

The  use  of  the  height  of  the  dominant  trees  at  a  given  age 
appears  to  be  the  most  commonly  accepted  criterion.  However, 
some  foresters  maintain  that  height  is  an  unsatisfactory  cri- 
terion of  site  quality  because  the  height  frequently  varies  to  a 
considerable  extent  with  the  density  of  the  stand.  Those  who 
support  this  contention  favor  the  increment  of  the  arborescent 
species  concerned,  when  judged  by  the  measurement  of  an  ap- 
proximately fully  stocked  stand,  as  the  best  ultimate  criterion 
of  site  quality. 

It  has  been  pointed  out  by  Spring"  that  the  true  quality  of  a 
given  site  cannot  be  indicated  by  the  height  or  yield  of  a  stand 
composed  of  a  species  ^\hich  cannot  fully  utilize  the  physical 
factors  of  that  site.  A  satisfactory  expression  of  the  relative 
productix'ity  of  different  sites  must  fully  recognize  a  proper  cor- 
relation of  the  climatic  and  edaphic  factors  of  the  habitat  with 
the  silvicultural  characteristics  of  the  species.  If  an  arbores- 
cent species  is  not  well  adapted  to  a  given  site  it  slioukl  not  be 
used  in  comparing  site  productivity. 

Zon'  has  shown  that,  for  the  purposes  of  futiu-e  sihicultural 
management,  the  natural  classification  of  forest  stands  should 
be  based  on  the  potentiality  of  the  site  instead  of  on  the  average 
height  of  the  stand.  .  The  character  of  the  tree  growth  is  held  to 
be  the  only  reliable  expression  of  the  productive  capacity  of  forest 

'  Op.  til. 

•Zoii,  Raphael.  (Juality  classes  aiul  forest  types.  Proceedings  Society  of 
American  Foresters,  8:  UK)-104,  1913. 
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soils.  Howover,  the  author  further  states  that  in  virgin  forests 
any  (lif't'eroncc  in  \\w  i)ii>sical  factors  afiecting  growth  will  be- 
conir  ex  idcnt,  not  oniy  in  liic  character  of  the  tree  growth,  but 
also  in  varying  tlic  coinjiosition  of  the  stand  or  the  native 
vegetation. 

Cajander,-'  while  advancing  rather  radical  arguments  in  favor 
of  the  li\ing  ground  cover  as  a  criterion  and  indicator  of  the 
physical  conditions  of  the  site  in  forests  which  have  responded 
to  the  artificial  cultural  oi)erations  of  sihicultural  management, 
admits  that  the  condition  of  the  virgin  forest  itself  should  be 
used  as  the  best  criterion  of  the  physical  factors  which  affect 
growth. 

Alell*^  has  stated  tliat  there  is  a  certain  definite  relation  be- 
tween the  physical  factors  of  the  site  and  the  growth  and  ana- 
tomical structure  of  the  wood  fibers  and  that  site  quality  may  be 
determined  by  a  microscopical  examination  of  the  \yood. 

The  writer"  has  previously  advocated  that  foresters  should 
avail  themselves  of  the  latent  possibilities  in  the  correlation  of 
the  native  shrubby  and  herbaceous  forest  vegetation  with  the 
increment  of  the  arborescent  species,  and  in  its  use  as  an  addi- 
tional criterion  in  the  determination  of  the  relative  productivity 
of  forest  sites.  The  use  of  native  indicator  plants  is  also  advo- 
catetl  where  increment  data  are  meager  or  lacking.  There  are 
unusual  possibilities  for  the  forester  in  following  up  a  line  of 
investigation  in  a  field  eciually  as  fertile  as  that  opened  by  the 
physiological  plant  ecologist  in  correlating  the  native  vegetation 
witli  the  crop-producing  potentialities  of  the  land,  the  results 
of  which  have  had  a  very  practical  application  in  modern 
agriculture. 

^^^lile  it  is  true  that  plant  growth  is  dependent  upon  certain 
specific  climatic  and  edaphic  factors  of  the  habitat,  yet  these 
combine  to  form  a  physiological  complex  which  influences  growth 

'-  Cajandcr,  A.  K.  Ubcr  ^V,al<^(y|)Cll,  Holsiiigfors,  1909,  Kennia,  28,  No.  2, 
17.5  pp. 

'  Mcll,  C.  D.  Doteiniiiiation  of  quality  of  locality  by  fibre  liMiglh  of  wood, 
forestry  Quarterly,  8:  419-122,  1910. 

'  Korstian,  Clarence  1''.  The  iiulieator  significaiiec  of  native  vegetation  in 
the  (Ictermination  of  forest  sites.     The  Plant  World,  20:  207-287,  1917. 
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in  a  very  definite  manner.  Therefore,  in  the  determination  of 
site  quality  a  detailed  con.sideration  of  the  individual  causal 
factors  is  not  as  essential  as  the  combined  effect,  which  is  ex- 
pressed in  the  resultant  growth  or  increment.  The  native 
plants,  in  their  response  to  the  habitat  factors,  may  be  regarded 
as  showing  the  effect  of  the  summation  of  these  factors  as  they 
influence  growth. 

The  scientific  study  of  forest  vegetation  must  in  the  future  ac- 
company rational  silvicultural  and  range  management  more 
closely  than  now,  and  in  fact,  as  soon  as  possible,  should  precede 
it.  The  time  has  come  for  intensive  investigations  of  this  nature 
which  will  form  the  foundation  upon  which  the  superstructure 
of  practical  forest  regulation  will  be  built  permanentlj'.  \Mien 
the  relation  between  the  silvicultural  characteristics  and  the 
physical  factors  which  affect  tree  growth  and  the  correlation  of 
increment  with  the  associated  shrubby  and  herbaceous  species 
are  better  understood,  the  different  sites  may  be  regarded  as 
integral  biological  units  which  the  administrator  can  use  as  a 
basis  for  the  rational  organization  of  his  forest. 

The  importance  of  a  correlation  between  the  site  factors  and 
the  silvical  requirements  of  the  arborescent  species  has  been  em- 
phasized by  Toumey.*  The  difficulty  involved  in  the  exact 
measurement  of  the  physical  factors  of  the  site  and  the  interpre- 
tation of  the  vegetation  in  terms  of  site  factors  is  indicated. 
The  herbaceous  or  shrubby  vegetation  can  be  used  by  the  prac- 
ticing forester  in  a  field  evaluation  of  the  site  factors,  and  in  de- 
termining the  site  <iuality  or  the  yield  capacity.  This  method 
is  particularly  desirable  when  the  productivity  of  a  site  must  be 
assessed  without  the  aid  of  forest  trees. 

In  order  to  effect  a  proper  correlation  of  site  conditions,  the 
forester  must  be  well  acquainted  with  the  natural  forest  \'egeta- 
tion  and  the  manner  in  which  it  is  influenced  by  the  physical 
factors  of  the  site.  The  lack  of  a  fundamental  biological  train- 
ing is  admitted  by  many  foresters  and  is  shown  by  the  work  of 
others.     A  training  in  the  natural  sciences  is  an  absolute  pre- 

*  Tourney,  James  W.  Seeding  niul  I'laiitiiiK  in  the  I'nioticc  of  Forestry. 
Pp.  40-43,  New  York,  1916. 
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requisite  to  research  work  in  forestry,  especially  to  a  proper 
study  of  site  and  site  qualities.  Since  site  is  regarded  as  an  area 
considered  as  to  its  physical  factors  with  reference  to  forest 
producing  power,  or  the  combined  effect  of  the  climatic  and 
(HJaphic  conditions  of  the  forest  habitat,  it  can  be  readily  appre- 
ciated that  in  a  consideration  of  the  fundamental  natural  laws 
involved  in  a  scientific  study  of  the  site  the  auxiliary  sciences 
such  as  botany,  physics,  chemistry,  meteorology,  soils  and  geol- 
ogy, are  concerned.  In  determining  upon  the  indicator  sig- 
nificance of  the  native  vegetation  a  full  appreciation  of  plant 
ecology,  more  especially  the  important  principles  of  plant  suc- 
cession, must  be  realized.  However,  only  a  reasonable  amount 
of  systematic  botany  is  considered  essential  to  the  practical  use 
of  the  native  shrubby  and  herbaceous  vegetation  as  a  criterion 
of  site.  The  relative  ease  with  which  the  proposed  criterion 
may  be  applied  by  the  field  officer  when  the  principles  have  once 
been  worked  out  is  a  point  in  its  favor.  The  average  forest 
supervisor  or  ranger  who  possesses  a  sufficient  knowledge  of  the 
local  forest  flora  to  administer  efficiently  the  utilization  of  the 
forage  resources  of  the  administrative  unit  for  which  he  is  re- 
sponsible should  have  no  difficulty  in  recognizing  the  indicator 
plants  after  they  have  once  been  determined. 

As  suggested  by  Bates, ^  the  increment  of  the  arborescent 
species  to  be  perpetuated  under  management,  when  determined 
by  the  measurement  of  an  approximately  fully  stocked  stand,  is 
admittedly  the  best  ultimate  criterion  of  site  quality.  However, 
the  native  vegetation  merits  consideration  as  an  entirely  feasible 
criterion  of  site,  to  be  used  as  an  adjunct  to  the  criterion  or 
criteria  which  are  based  on  the  silviculturally  important  species. 
Where  increment  data  are  meager  or  are  utterly  lacking,  the 
native  vegetation  on  the  area  should  serve  as  a  valuable  criterion 
of  site  quality. 

In  an  integration  of  the  vegetation  it  must  be  remembered 
that  the  behavior  of  the  vegetation  is  a  resultant  function  of  the 
behavior  of  the  component  species.     Therefore,  the  vegetation 

»  Op.  cil. 
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of  the  association,  society  or  community  as  an  integral  should  be 
resolved  to  the  individual  species,  to  which  indicator  significance 
may  be  attached.  In  any  ecological  group  of  plants  in  which 
there  are  many  di\-erse  growth  forms  within  a  biological  unit  it 
is  impossible  to  define  accurately  the  boundaries  of  the  associa- 
tion without  encountering  many  overlapping  species,  especially 
in  arid  or  semi-arid  regions.  An  herb  or  a  shrub  can  complete 
its  full  life  cycle  in  a  much  shorter  time  than  a  forest  tree;  there- 
fore, succession  proceeds  at  a  faster  rate  and  a  greater  number 
of  successional  series  may  be  observed  than  if  the  forest  trees 
alone  were  under  consideration. 

The  use  of  shrubby  and  herbaceous  vegetation  as  forest  site 
indicators  may  be  applied  with  greater  ease  in  the  comparatively 
open,  park-like  forests  of  western  yellow  pine  than  in  the  denser 
Douglas  fir,  lodgepole  pine,  and  Engelmann  spruce  forests. 
Changes  in  the  density  of  the  crown  cover  may  change  the  com- 
position of  the  vegetative  undergrowth  although  the  potential 
forest  productivity  of  the  site  remains  unchanged.  Herbaceous 
plants  are  rather  scarce  in  the  denser  forests  except  in  partial 
openings  or  where  the  stand  is  below  normal  density.  The 
character  of  the  shrubby  and  herbaceous  layers  of  forest  vegeta- 
tion is  conditioned  largely  by  the  shade  of  the  forest  canopy. 
The  forest  floor  in  stands  of  fir,  spruce  and  lodgepole  pine  is 
heavily  and  more  continuously  shaded  than  that  of  the  densest 
stands  of  yellow  ])ine.  The  proposed  criterion  is  believed  to  be 
especially  aiiplicable  to  yellow  pine  forests  or  those  of  compara- 
ble density. 

It  is  not  the  ])ur])()S('  of  this  paper  to  detail  specific  corre- 
lations between  forest  growth  and  the  chai-acter  of  the  associated 
vegetation.  However,  a  few  noteworthy  cases  in  which  the 
native  vegetation  presents  rather  conspicuous  ami  conviiu-ing 
evidence  of  site  character  will  be  cited. 

The  studies  conducted  by  the  writer'"  in  central  New  Mexico 
showed  that,  where  t\\()  western  yellow  pine  sites  were  recognized, 
the  species  limited  to  site  1  were  mesophytic  while  those  found 

'"Lot.  rit.,  pp.  277  27il. 
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on  f^ite  II  alone  were  decidedly  xeropliytic.  The  iiicrenieni  on 
site  I  amounted  to  64%  more  than  that  on  site  II.  The  in- 
di\'idual  growth  and  development,  luxuriance  and  density  of  the 
vegetation  varied  decidedly  with  site.  The  \-egetation  on  site  I 
was  more  luxuriant  and  \-igorous  than  on  site  II  where  it  was 
comparatively  sparse.  A  rather  cursory  comparison  of  the  forest 
\-egetation  of  various  sites  within  the  range  of  the  Rocky  jVIoun- 
tain  \-ariety  of  western  yellow  pine  {Pinus  'ponderosa  scopulornvi) 
occurring  in  New  INIexico,  .\rizona,  Utah,  and  Colorado  shows 
certain  striking  parallelisms  and  at  the  same  time  differences 
which  can  only  be  attributed  to  site.  Again  chaparral  areas 
composed  of  Quercns  (jamhelii,  Amelanch'nr  alnifoUa,  Arclo- 
staj)hylos  puitgens.  Ccanothns  fendleri,  and  other  shrubby  species 
are  reputed  bj-  some  to  be  potential  western  yellow  pine  sites. 
An  examination  of  such  areas  in  the  Intermountain  Region  re- 
\-eals  few  western  yellow  pine  associates  among  either  the  shrubby 
or  herbaceous  vegetation,  which  results  in  the  attaching  of 
considerable  doubt  to  the  statement  that  such  areas  are  poten- 
tially western  yellow  pine  sites. 

In  central  and  southern  Utah  between  elevations  of  G500  and 
7800  feet  abo\'e  sea  le^■el  QtiemiH  gnnihelH  is  the  dominant 
species  on  all  exposures  except  the  south,  with  Amfilanchier 
alnifoUa,  Primus  melanocarpa,  Rosa  fendleri,  Acer  grandidenta- 
ttim,  Sjjmphoricarpos  o7-eophihis,  Berberis  repens,  Piirshia  tri- 
dentaia.  Pachyslima  myrsinites,  and  Artemisia  tridentata  occurring 
in  varj-ing  mixtures.  In  the  brush  scattering  individuals  of 
Juniperus  scopvlorum,  Abies  concolor.  Picea  parryana,  Pseu- 
dolsuga  taxifolia  and  very  rarely  a  specimen  of  Pinus  ponderosa 
scopitlorum  may  be  found.  When  the  nature  of  the  soil  as  well 
as  the  growth  and  reproductive  power  of  Abies  concolor  and 
Psevdotstiga  taxifolia  on  these  areas  are  considered  they  are 
regarded  as  belonging  to  the  potential  fir  type.  On  ridge-tops 
and  south  slopes  Arctostaphylos  piingens,  Peraphyllnm  ramosis- 
simum,  and  Ceanotfms  fendleri  become  the  dominants  while 
Qttercus  gamhelii,  Symphoricarpos  oreophihis,  Amelanclvier  alni- 
foUa, Berberis  repens,  Cercocarpvs  parvifoUus,  Purshia  tridentata, 
Pachystima  myrsinites,  Artemisia  tridentata  and  Eurotia  lanata 
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are  secondary  species.  Juniperus  utahensif<  and  Pinits  cdulis 
are  found  scattered  through  the  brush,  which  clearly  indicate 
the  potentiality  of  these  ridge-tops  and  south  slopes.  In 
northern  Utah  and  southern  Idaho  Quercus  gamhelii  is  largely 
replaced  by  Ceanothus  veluiinus  which  is  hero  indicative  of 
potential  Fseudotsuga  taxifolia  sites. 

In  central  Idaho  Purshia  iridentata  is  found  on  the  poorer 
Pinus  ponderosa  sites.  A  tall,  dense,  luxuriant  growth  of 
Physocarpus  malvaceus,  Ceanothus  sanguineus,  as  well  as  the 
presence  of  Vaccinium  membranaceum,  Rubus  parviflorus  and 
Ribes  viscosissimum  are  considered  indicative  of  F^sendotsugd 
taxifolia  sites. 

Thorough  scientific  investigations  should  not  only  solve  the 
above  problems  but  also  should  contribute  much  toward  the  in- 
telligent selection  of  forest  planting  sites.  Obviously,  these 
studies  should  also  include  a  study  of  plant  succession  extending 
over  a  rather  long  period  of  years.  The  natural  variations  or 
succession  of  the  native  vegetation  must  not  be  forgotten.  Wide 
variations  due  to  extraneous  factors,  such  as  fire,  must  also  re- 
ceive proper  interpretation.  Changes  in  the  soil  caused  by  fire 
may  also  cause  temporary  differences  in  the  character  and  dis- 
tribution of  native  vegetation.  It  is  contended  by  some  that 
plant  indicator  studies  should  be  resolved  eventually  to  terms 
of  the  soil  since  the  effect  of  site  conditions  is  indicated  by  the 
character  of  the  subterranean  parts  of  the  native  plants.  This 
is  inadvisable  because,  as  indicated  above,  we  are  really  concerned 
with  the  combined  effect  of  the  site  on  plant  growth  rather  than 
with  the  component  factors.  However,  until  the  correlation  has 
been  definitely  determined,  the  soil  and  other  important  factors 
should  receive  sufficient  attention  to  enable  a  comprehensive 
correlation  of  increment  with  the  native  forest  \egetation  and  to 
make  proper  deductions  as  to  the  relative  importance  of  the 
limiting  factors.  Plant  indicator  studies  should  also  yield  valu- 
able data  on  the  ecological  relations  of  forest  trees  and  their 
associates. 

In  conclusion,  it  is  urged  that,  in  tlic  (Ictcnnination  of  site, 
no  one  criterion  .should  i)e  adopted  to  the  positive  exclusion  of 
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other  feasible  criteria  since  it  may  be  found  that  one  may  serve 
as  an  excellent  check  on  the  other  or  may  even  more  closely 
indicate  the  true  potentiality  of  a  given  site  quality.  While  a 
standardization  of  technique  or  methods  is  highly  desirable, 
latitude  should  be  given  for  a  careful  correlation  of  all  feasible 
criteria  and  a  proper  interpretation  of  their  significance.  In 
previous  discussions  of  site  determination  in  North  America, 
little  or  no  attention  has  been  given  to  the  consideration  of  the 
indicator  significance  of  nati\'e  shrubby  and  herbaceous  vegeta- 
tion in  the  classification  of  the  potential  productivity  of  forest 
lands.  This  criterion  should  be  of  the  utmost  value  not  only  in 
determining  the  relative  productivity  of  forest  sites,  but  also  in 
explaining  the  presence  or  absen(!e  of  tree  growth  on  certain  areas 
and  in  the  judicious  selection  of  the  proper  species  and  suitable 
sites  in  reforestation  work. 


AN  IMPROVED  COLORIMETER  FOR  COLOR  INHERI- 
TANCE STUDY 

HERBERT  F.  ROBERTS 

Univcrsily  of  Manitoba,  Winnepeg,  Manitoba 

The  necessity  for  an  improved  standard  type  of  coloriuieter 
available  for  the  quantitative  study  of  color  values  has  long 
been  felt  by  workers  in  plant  physiology  and  in  genetics.  Sev- 
eral types  of  color  apparatus  are  now  upon  the  market.  The 
writer's  experience  has  been  with  the  type  known  as  the  tintom- 
eter, an  ajjparatus  which  has  long  been  quite  generally  employed 
for  commercial  purposes,  and  which  is  in  use  at  several  of  the 
experiment  stations  in  the  L'nited  States.  Finding  the  original 
instrument  unsatisfactory  from  certain  standpoints,  the  writer 
undertook  a  scries  of  experiments  in  its  reconstruction  and  mount- 
ing which  may  be  of  value  and  interest  to  geneticists  and  others 
engaged  upon  problems  involving  colorimetric  determinations. 

In  substance  the  original  instrument  is  a  binocular  of  wood, 
supported  in  an  inclined  position.  The  object,  the  color  of 
which  is  to  be  determined,  is  placed  in  a  hollow  tray  under  the 
right  hand  tube  of  the  binocular.  Under  the  left  hand  tube  is 
placed  a  similar  tray  containing  chemically  pure  calcium  sulfate, 
intended  as  a  standard  white  reflecting  surface.  In  the  end  of 
the  left  hand  tube  of  the  binocular  is  fitted  a  small  rack  into 
which  certain  colored  glass  strips  are  ])laced.  These  are  made  up 
in  graded  intensities  of  the  three  i)rhnary  colors,  and  are  alter- 
nately placed  in  the  rack  until  such  an  adjustment  of  the  three 
colors  is  reached  as  gives  a  combined  color  effect  to  the  left  eye, 
similar  to  that  produced  on  the  right  eye  by  the  colored  rays 
proceeding  from  the  object  itself.  These  colored  glasses  bear 
no  direct  relation  to  the  spectrum  colors,  but  are  founded  as  a 
base  on  the  colni^  produced  by  fractional  normal  solutions  of 
three  different  cheniical  coiniiounds.     Tlie  glass  of  eacli  of  tlie 
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colors,  red,  yellow  and  blue,  lowest  in  intensity,  is  the  one  directly 
matched  to  the  chemical  solution  taken  as  a  base.  The  entire 
series  of  unit  glasses  consists  of  163  in  the  red,  146  in  the  yellow 
and  155  in  the  blue.  In  each  of  the  colors,  the  series  begins  at 
the  lightest  tint  with  0.01,  and  reaches  the  deepest  shade  at  20. 
The  intervals  of  tint  are  at  first  0.01,  then  0.02,  finally  from  1 
up  to  20,  the  intervals  are  0.05. 

While  it  is  true  that  absolute  purity  of  color  is  nowhere 
obtainable  except  through  the  i.-^olat ion  of  a  solar  ray  of  a  wave- 
length which  is  interpreted  by  the  eye  in  terms  of  that  color, 
yet  for  practical  purposes  there  are  many  difficulties  in  the  tvay 
of  the  utilization  of  the  color  spectrum  as  a  standard. 

The  original  tintometer  is  a  very  simple  instrument  consist- 
ing of  a  wooden  binocular  frame  without  a  lens,  through  which 
the  left  eye  sees  the  object  the  color  of  which  is  to  be  determined, 
while  in  a  holder  at  the  end  of  the  right  hand  tube  of  the  binocu- 
lar are  placed  colored  glass  strips,  graded  in  graduated  intensi- 
ties of  the  three  prunary  colors  as  stated.  From  a  series  of 
these,  those  are  gradually  .selected  by  successive  trials,  which 
transmit  such  a  mixture  of  rays  as  matches  the  color  of  the  object 
seen  through  the  left  hand  tube.  Underneath  the  color  glasses 
is  placed  a  tray  containing  chemically  pure  calcium  sulfate, 
forining  a  standard  white  reflecting  surface. 

The  writer  has  found  the  apparatus  practically  useful  for 
color  determinations  in  the  study  of  color  inheritance.  In  order 
to  render  the  use  of  it  more  practical  and  convenient,  it  was 
found  desirable  to  introduce  a  number  of  improvements  which 
have  been  added  to  the  original  apparatus.  As  the  instrument 
now  stands,  the  writer  believes  that  it  will  prove  practically 
useful  to  plant  physiologists  and  geneticists  engaged  in  research 
work  involving  color  determinations,  for  the  quantitative  deter- 
mination of  color.  No  patents  have  been  applied  for  on  the 
luechanism  and  any  laboratory  is  free  to  make  such  use  of  the 
illustrations  and  drawings  as  it  may  desire. 

The  writer's  improvements  on  the  original  apparatus  consist 
essentially  of  a  mechanism  carrying  two  revolving  steel  spindles, 
each  holding  a  glass  cylinder  capped  at  its  outer  end.     In  these 
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cylinders  are  placed,  in  the  left  hand  one,  the  substance  the 
color  of  which  is  to  be  determined,  in  the  other,  the  calcium  sul- 
fate used  as  the  standard  white  reflecting  surface.     The  spindles 


Fig.  1.  Tintometer  a.s  reconstructed  and  mounted,  li,  binocular;  A',  case 
containing  drive  mechanism;  .1/,  motor;  C,  threo-arni  support;  R.  point  of 
rotation. 

are  rotated  at  high  rate  of -speed  by  a  friction  drive  mechanism 
which  is  reversible.     By  this  rotation  of  the  substance  the  color 
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of  which  is  to  be  determined,  ineciiialities  in  its  surface,  if  any 
exist,  are  obliterated,  and  it  becomes  optically  observable  as  a 
uniform  color  mass.  A  set  of  focusing  screws  is  supplied  for 
adjusting  the  position  of  the  binocular  vertically  and  laterally  in 
relation  to  the  two  revolving  glass  cylinders. 

In  the  accompanying  illustration,  figure  1  gives  a  general 
view  of  the  complete  apparatus  as  mounted.  The  instrument, 
B,  driving  gear  and  motor  are  mounted  upon  a  table  of  hard 
maple  supported  upon  a  stand  consisting  of  a  three-arm  iron 


Fig.  2.  Tiiifometrr  :is  rfconstnirted;  top  view  of  lahlc  ^howiiiK  mi'tliod  of 
mounting,  rotiiry  cylimlors  amd  unit  color  glasst-s.  li,  binocular;  slide  support 
for  it;  B,,  hinge-base;  Bi,  bed-plate;  A',  case  containing  drive  mechanism;  Sp., 
rotary  spindles  with  cylinders;  s,  s,,  .t,,  k,,  screws  for  regulating  position  of 
binocular;  ■'■•4,  screw  for  changing  dirc<:tioii  of  rotation. 

casting,  C,  resting  upon  an  iron  pillar  and  ba.se,  upon  which  it 
revolves  at  R.  The  motor  actuating  the  drive  mechanism  for 
rotating  the  spindles,  is  .suspended  beneath  the  table  between 
the  supporting  arms,  at  M. 

In  figure  2  is  shown  a  closer  view  of  the  ui)per  surface  of  the 
table,  in  which  the  glass  color  units  are  seen  sunken  in  an  open 


266 


HERBERT  K.  ROBERTS 


tray,  which  is  carried  by  a  removable  lid  when  the  apparatus  is 
not  in  use.  Close  approach  to  the  binocular  eye-piece  is  secured 
by  a  curved-in  cutting  of  the  table,  partly  shown  in  the  illustra- 
tion, in  front  of  which  is  a  double  flush-plate  switch,  controlling 
both  the  motor  and  the  lights.  The  binocular  is  further  pro- 
vided with  a  hood,  lacking  in  the  original  instrument.  In  figure 
1,  B,  the  tintometer  binocular,  is  attached  to  a  wooden  support 
S,  upon  which  it  slides  by  a  rack  and  pinion  arrangement  worked 
by  the  focusing  screw,  s.  This  enables  t  he  apparatus  to  be  brought 
within  proper  observing  distance  from  the  revolving  spindles. 
The  support  S  is  hinged  to  a  base  B.  and  rests  back  upon  the 


Fig.  3.  Top  view  of  case,  showing  annular,  (';  pulley  groove,  1';  fiber  gears, 
R;  reversing  screw,  F;  reversing  lover,  G. 


top  of  a  screw  .S',,  by  whicli  tlie  slope  of  tlie  liinocular  can  be  ad- 
justed. The  base  B  in  turn  .-slides  as  a  whole  upon  a  bed  plate  Bi, 
which  is  moved  backward  and  forward  by  means  of  a  screw  S^, 
and  tlie  upper  part  of  it  is  moved  laterally  across  the  spindles, 
Sp  by  means  of  the  screw  .S',.  It  is  thus  possible  to  get  four 
different  sets  of  adjustments  for  the  apparatus  as  reconstructed. 
At  .S'j  is  a  screw  which  reverses  the  drive  mechanism. 
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In  figure  3,  the  lid  of  the  metal  case,  illustrated  in  figures  2 
and  3,  is  removed,  and  an  upper  view  is  furnished  of  the  drive 
mechanism.  The  annular  is  shown  at  C  within  which  are  seen 
at  A  the  ends  of  the  spindle  axes,  which  terminate  within  in 
fibre  friction  gears. 


Fig.  4A.  Horizontal  section  of  drive  mechanism  showing:  .4,  .li,  spindles; 
B,  B,  fiber  gears;  C,  annular;  F,  groove  in  annular  for  pulley  cord;  D,  spindle 
for  annular;  E,  collar  for  annular;  F,  screw  for  reversing  spindles;  G,  lever. 

B.  Vertical  section  of  drive  mechanism.  A,  spindle  for  cylinder;  B,  fiber 
gear;  D,  spindle  for  annular;  (',  annular;  V,  groove  in  annular  for  pulley  cord; 
E,  collar  for  annular  spindle;  F,  reversing  screw;  G,  lovor. 
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Figure  4.\.  is  a  transverse  sectional  drawing  of  the  drive  mecha- 
nism, reduced  about  one-third.  Spindles  A  and  Ai  are  rotated 
by  friction  discs  B  and  B',  making  contact  at  K  and  /  on  annular 
C,  which,  in  turn  is  operated  by  a  motor  drive  (M,  in  fig.  1), 
connected  with  the  annular  gear  C,  bj'  a  round  belt  at  V.  By 
turning  a  thumb-screw  F  {Si,  in  fig.  2),  spindle  A  may  be 
shifted  so  that  contact  can  be  effected  at  /  between  the  friction 
discs  B  and  B',  attached  to  spindles  .4  and  A',  thereby  releas- 
ing contact  at  K,  and  effecting  a  reversal  in  direction  of  rotation 
on  the  part  of  spindle  A.  The  shifting  of  spindle  A  is  accom- 
plished by  the  thumb-screw  F  forcing  the  wedge  G  against  the 
collar  H,  which  is  held  in  place  on  spindle  A  by  means  of  a  set- 
screw.  The  annular  C,  is  carried  on  spindle  D,  which  is  held  in 
place  by  collar  E.  Figure  4B  shows  a  lateral  longitudinal  section 
of  the  drive  mechanism,  the  parts  being  lettered  to  correspond 
with  figure  4. 

A  further  improvement  upon  the  mode  of  use  of  the  original 
tintometer,  lies  in  the  emplojnnent  of  artificial  light  of  constant 
quality  and  value  instead  of  ordinary  daylight.  It  is  plain  that 
in  the  employment  of  daylight  as  a  means  of  illumination  se\- 
eral  sources  of  error  arc  presented.  The  relative  intensity  of 
the  different  spectrmn  rays  varies  according  as  the  sun  is  over- 
head or  near  the  horizon.  The  available  rays  in  solar  illumina- 
tion vary  also  according  to  the  absorption  spectrum  of  the  sur- 
rounding surfaces.  It  is  manifest  that  a  color  determination 
with  the  tintometer  will  not  be  the  same  for  the  same  object 
when  a  red  brick  wall  opposite  the  laboratory  is  replaced  bj-  a 
green  field  or  a  mass  of  white  buildings.  A  laboratorj-  window 
admitting  only  a  north  light  from  a  clear  sky  would  be  reason- 
ably satisfactory,  excejit  for  the  difference  in  the  absorption  spec- 
trum due  to  the  apparent  jiosition  of  the  sun  with  respect  to  the 
earth's  horizon  from  moniing  to  evening  and  during  the  solar 
year.  Added  to  these  variations,  which  have  to  do  with  local 
disturbances  in  the  relative  spectral  content  of  the  available 
solar  rays,  there  is  the  added  practical  difficulty  of  using  the 
tintometer  at  all  during  dark  gloomy  weather. 

It  has  therefore  been  arranged  to  use  the  instrument  in  a  ven- 
tilated dark  room,  using  two  25-watt  tungsten  lamps  as  the  source 
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of  illuiniiiation,  the  light  from  which  is  directed  down  upon  the 
glass  cylinders  by  a  shade  reflector.  The  degree  of  constancy 
of  the  current  supplying  the  lamps  is  ascertainable  by  means  of 
a  voltmeter. 

The  principal  difficulty  in  the  construction  of  the  improved 
instrument  has  been  to  obtain  proper  glass  for  the  cylinders. 

A  perfectly  white  glass  tubing  of  definite  and  known  composi- 
tion, of  proper  diameter,  with  a  comparatively  thin  wall,  and  free 
from  defects,  has  been  difficult  to  find.  In  order  that  the  re- 
fleeting  surface  and  the  refraction  index  of  the  wall  of  the  cylinder 
should  be  identical  throughout  its  length,  and  to  get  rid  of  the 
linear  striations  present  in  the  best  glass  tubing,  an  attempt 
was  made  to  have  the  interior  and  exterior  faces  of  the  cylinders 
cut  to  a  uniform  thickness  throughout  and  polished.  The  prac- 
tical difficulties  in  the  way  of  accomplishing  the  cutting,  proved, 
after  much  experimentation,  to  be  insuperable,  except  at  a  cost 
that  would  be  prohibitive.  The  writer  therefore  was  obliged  to 
content  himself  with  obtaining  the  most  satisfactory  white 
standard  glass  tubing  possible.  By  always  using  the  same  make 
of  tubing  after  it  is  once  settled  upon,  variations  in  the  readings 
due  to  differences  in  the  absorption  spectrum  of  the  glass  of  the 
cylinder  will  be  eliminated. 

The  rotary  cyhnder  mechanism  enables  a  far  greater  \'ariety 
of  opaque  substances  to  be  successfully  determined  for  color 
than  was  possible  with  the  original  instrument,  and  the  fitting- 
out  of  the  binocular  with  a  set  of  three-way  adjustments,  enables 
the  instrument  to  be  satisfactorily  oriented  with  respect  to  the 
revolving  cylinders.  Of  course,  in  the  case  of  liquid  substances 
for  which  the  color  is  to  be  determined,  or  of  amorphous  powders, 
the  rotary  mechanism  would  not  be  necessary. 

For  the  quantitative  measurement  of  color  value  in  flowers, 
in  the  study  of  color  inheritance,  the  writer  has  found  the  appa- 
ratus invaluable,  and  it  seems  likely  that  it  will  pro\'e  useful 
generally  to  investigators.  In  working  on  color-inheritance  in 
Pelargonium,  it  is  found  that  clear  and  definite  results  in  stating 
the  color  values  of  segregates  are  obtainable  with  this  apparatus. 
By  supplementing  these  records  with  Lumiere  color  photographs 
a  practically  perfect  series  of  inheritance  records  is  obtainable. 
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Monograph  of  the  Cactaceae. — For  seven  years  Britton  and  Rose 
have  been  engaged  in  the  preparation  of  a  monograph  of  the  Cactaceae, 
which  is  destined  to  supersede  Schumann's  Gesamtbeschreibung  der 
Kakteen  as  the  authoritative  treatment  of  this  famil.y.  Through  the 
aid  of  the  Carnegie  Institution  it  has  been  possible  to  explore  the  cactus 
regions  of  South  America,  as  well  as  to  examine  types  in  European 
herbaria  and  to  maintain  living  collections  for  study.  The  inadequacy 
of  herbarium  material  in  representing  the  characters  of  cacti  and  the 
large  number  of  names  based  on  incomplete  descriptions  of  living  plants 
has  made  the  task  of  the  authors  a  very  dificult  one.  It  is  planned  to 
issue  the  monograph  in  four  volumes,  the  first  of  which  has  just  ap- 
peared,' covering  Ptreskia,  Opuntia  and  related  genera.  The  genus 
Opuntia  is  the  largest  of  the  family,  containing  254  species,  and  has  been 
divided  into  three  sub-genera,  Cylindropuntia,  Tephrocactus  and  Pla- 
tyopuntia,  containing  respectively  13,  4  and  29  scries.  Of  these  series 
31  have  representatives  in  North  America  and  15  are  confined  to  South 
America.  Keys,  descriptions,  bibhographical  references,  and  citations 
to  illustrations  are  given,  and  nearly  every  species  is  illustrated  by  col- 
ored plate,  half  tone  or  line  cut.  The  volume  has  been  published  in 
most  sumptuous  form,  but  it  leaves  the  reader  with  regret  that  the  an- 
cient practise  of  illuminating  monographs  with  colored  plates,  whose 
cost  is  out  of  all  proi)ortion  to  their  value,  has  persisted  to  this  late 
and  practical  da.y. 

From  the  systematic  standpoint  the  work  is  notable  for  the  fresh 
grouping  of  the  species  in  this  large  genus,  for  the  elucidation  of  the 
poorly  known  South  American  species,  and  for  the  conservatism  with 
which  tlu!  North  American  forms  have  been  treated.  Under  Opuntia 
opuntin,  for  example,  21  specific  and  varietal  names  have  been  reduced  to 
synonomy,  under  0.  engdmannii  11  names,  and  under  0.  Undheimeri  20 
names.  In  many  cases  the  relegation  of  names  to  synonomy  has  been 
due  to  inadequacy  of  the  type  material,  uncertainty  as  to  the  exact 

'Britton,  N.  L.  and  Rose,  .1.  N.  The  Cactaceae;  descriptions  and  illustra- 
tions of  plants  of  the  cactus  family.  Vol.  I.  Carnegie  Inst.  Wash.  Publ.  2J8. 
Pp.  236,  pis.  36,  text  figs.  302.     1919. 
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type  locality,  or  even  to  the  description  of  new  forms  from  living  plants. 
In  many  other  cases  it  is  due  to  the  difference  of  opinion  which  exists 
between  the  authors  and  other  cactus  students  regarding  the  limits 
between  the  perplexing  array  of  closely  related  forms  that  may  be  found 
in  the  field  in  an>-  region  wh(>re  these  plants  are  abundant.  The  opun- 
tias  are  preeminently  a  group  in  which  prolonged  and  careful  field  work 
is  necessary  to  determine  the  influence  of  the  age  of  the  plant,  the  r(>la- 
tive  age  of  different  joints,  recent  climatic  conditions,  character  of  soil, 
and  many  other  conditions,  on  the  general  habit  of  the  plant,  the  form 
and  size  of  the  joints,  the  character  of  the  armature  and  even  the  color 
of  the  flowers.  Among  those  to  whom  a  taxonomic  grouping  is  the  in- 
strument of  work,  rather  than  the  material,  there  will  b(^  much  satis- 
faction in  the  appearance  of  a  monograph  in  which  the  "lumping"  of 
species  has  been  generousl.y  done.  We  have  been  made  to  believe  in 
recent  years,  however,  that  it  is  the  business  of  systematic  botany  to 
describe  and  classify  all  plant  forms  which  possess  even  a  single  well- 
marked  and  constant  character  differentiating  them  from  their  nearest 
of  kin.  Anj'one  to  whom  the  cacti  of  the  United  States  are  familiar 
under  their  native  conditions  will  be  likely  to  ask  whether  this  depart- 
ure from  recent  taxonomic  practise  has  been  begun  in  the  right  place 
and  whether  it  has  been  impartially  applied  to  the  southeastern  and 
West  Indian  forms  as  well  as  to  the  southwestern  ones.  When  such 
indistinguishable  forms  as  Opuntia  littoralis  and  0.  occidentalis,  of  the 
California  coast,  have  been  retained  in  separate  series  of  the  genus,  and 
when  0.  pollnrdii,  of  the  Mississippi  coast,  has  been  retained  as  separate 
from  0.  opuntia,  partly  on  such  a  character  as  the  turgidity  of  the 
joints,  one  maj'  well  ask  why  such  a  form  as  0.  blakeana  has  been  re- 
duced to  synononiy  with  0.  phaeacantha,  in  spite  of  its  well  marked  char- 
acters and  distributional  separation,  why  the  very  local  and  clearly  dis- 
tinct 0.  dillei  has  been  relegated  to  the  "lump"  known  as  0.  engelmanii, 
or  why  0.  fulgidn  and  0.  mamillatn  have  been  combined  in  spite  of  their 
differences  in  habitat  and  vertical  distribution  and  the  fact  that  the_\- 
can  be  readily  distinguished  in  the  field  at  a  distance  of  200  feet. 

In  spite  of  these  and  many  other  inevitable  differences  of  opinion 
that  are  sure  to  exist  among  students  of  cacti,  there  will  nevertheless 
be  a  very  general  appreciation  of  the  masterly  work  which  Britton  and 
Rose  have  done  in  an  extremely  difficult  group. — Forrest  Shreve. 
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The  Utility  of  Soil  Surveys. — In  a  recent  publication  of  the  Uni- 
versity of  California  R.  L.  Pendleton'  describes  the  results  of  an  exten- 
sive laboratory  and  greenhouse  study  designed  to  test  the  degree  of 
correspondence  between  the  mapping  of  soils  by  the  United  States  Soil 
Survey  and  the  properties  of  the  same  soils  under  controlled  conditions. 
Twenty-four  samples  were  collected,  representing  four  soil  tj'pes  as 
mapped.  The  mechanical  analysis  was  obtained  both  by  the  Hilgard 
elutriator  and  by  the  method  of  the  Bureau  of  Soils  now  accepted  as 
standard.  Chemical  determinations  were  made  of  nitrogen,  humus, 
calcium,  magnesium,  phosphorus  and  potassium.  Bacteriological  work 
included  tests  of  ammonification,  nitrogen  fixation,  and  nitrification. 
(!reenhou.se  tests  were  made  with  a  number  of  common  crop  plants,  but 
not  with  all  crops  on  all  soils.  Although  Pendleton  refrains  from  criti- 
cism of  the  methods  or  results  of  the  Bureau  of  Soils,  his  data  are  some- 
what damaging  to  the  assumption  that  soils  mapped  by  the  Bureau  as 
of  the  same  type  arc  really  closel.y  similar.  All  chemical,  bacteriological 
and  crop-culture  tests  showed  wide  variations.  The  mechanical  analy- 
.sis,  upon  which  the  classification  methods  of  the  Bureau  of  Soils  so 
largely  rely,  showed  that  six  of  the  twenty-four  collected  samples  did 
not  belong  physically  to  the  soil  types  which  they  were  supposed  to 
represent.  The  samples  were  collected  bj-  Pendleton  personally.  He 
had  had  experience  in  soil  mapping  under  officers  of  the  Bureau  of  Soils, 
and  was  experienced  in  the  methods  used.  The  reviewer  has  worked 
with  ]Mr.  Pendleton  in  the  field  and  can  testify  that  his  methods  and 
habits  of  work  are  exceptionally  thorough  and  careful.  The  reviewer 
does  not  believe  that  the  failure  of  Pendleton's  samples  to  be  what  he 
thought  they  were  can  be  ascribed  to  carelessness  or  imusual  personal 
error. 

The  work  d(>scribed  was  carried  out  in  191.^  and  I'Jlti  uiulcr  the  di- 
rection of  Chas.  B.  Lipman  of  the  University  of  California.  Lipman 
contributes  to  the  monograph  a  preface  some  sentences  of  which  deserve 
wide  publicity  and  consideration.  After  explaining  that  the  paper  has 
been  seen  through  the  pr(!ss  b.y  him  in  the  absence  of  Pendleton  from 
the  country,  Lipman  goes  on  to  say:  "My  own  general  conclusion  from 
the  results  obtained  by  Mr.  Pendleton  is  that  they  cast  grave  doubt  on 
the  validity  of  the  Bureau  of  Soils  method  of  soil  classification  and  map- 

'  Pendleton,  Robert  Larimore.  ".\re  soils  mapped  under  a  given  type  name 
by  the  Bureau  of  Soils  method  closely  similar  to  one  another?"  Univ.  of  Calif. 
Pubs,  in  Agr.  Hri.  3:  369-498  (1919). 
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piiiff,  and,  incidentally,  on  all  methods  devised  for  that  purpose  to  date. 
I  cannot  see  how  such  methods  can  serve  us  in  scientific  work  at  all, 
and,  from  tlie  practical  standpoint,  it  would  surely  seem  that  guides  for 
the  purchasers  of  land  could  be  arranged  more  cheaplj'  and  less  elaljor- 
ately  than  by  the  soil  mapi)ing  methods  extant.  This  statement  has 
particular  reference  to  the  subtlivision  of  types  verj'  minutely,  such  as, 
for  example,  sandy  silty  claj',  clay  loam  adobe,  etc.  Such  minute  clas- 
sification and  subdivision  in.  view  of  the  present  state  of  our  knowledge 
of  soils,  is  analogous,  in  my  opinion,  to  carrying  figures  out  to  four  deci- 
mal places  when  it  is  known  that  the  accuracy  of  the  method  makes  it 
impossible  for  them  to  be  correct  beyond  the  first  decimal  place.  In 
support  of  this  seemingly  radical  conclusion,  the  reader  will  find  much 
of  interest  in  the  recent  studies  of  this  laboratory  on  variability  in  soils, 
which  have  already  appeared  in  this  same  series. "- 

With  the  ideas  expressed  by  Lipman  the  revitnver  is  in  full  accord. 
Some  experience  in  the  attempted  use  of  the  Soil  Survey  maps  lioth  in 
scientific  investigation  and  in  practical  land  valuation  has  resulted  in 
the  conviction  that  the  soil  maps  are  so  dependent  upon  acadeniically 
rigitl  criteria  of  classification  as  to  be  of  little  practical  use  and  are  insuf- 
ficiently precise  and  thorough  for  scientific  purposes.  From  the  greater 
emphasis  placed  in  recent  years  on  the  making  of  the  more  general 
"reconnaissance  surveys,"  one  suspects  that  the  officials  of  the  Bureau 
of  Soils  have  realized  this  situation.  These  reconnaissance  surveys 
seem  to  the  reviewer  much  more  useful  practically'  than  the  detailed 
surveys  and  they  are  presumably  far  less  expensive  per  acre.  The 
entire-  abandonment  of  the  detailed  survey  as  now  conducted  might  not 
be  an  important  loss,  especially  if  the  funds  and  energy  thus  released 
could  be  tle\'otcd  to  a  renewal  of  fundamental  investigations  of  soil 
science  like  those  for  which  AVhitney  and  the  Bureau  of  Soils  were  once 
so  viciously  attacked  and  are  now  so  generally  honored.  The  reviewer 
suspects,  with  Professor  Lipman,  that  refinement  of  methods  of  soil 
surveying  and  absorption  in  the  attempt  to  perfect  detail  have  ob- 
scured a  little  the  real,  or  at  least  the  original,  objects  of  the  effort. 
There  is  an  ancient  Chinese  tale  of  one  Fu  Wang  who  desired  to  see  the 
Emperor.  Knowing  that  on  a  certain  day  the  Son  of  Heaven  would 
pass  through  a  walled  street  adjoining  his  garden  the  industrious  Fu 

-Of  the  studies  refeired  to  by  I'rof.  Lipman,  two  are  known  to  the  reviewer: 
Waynifk,  D.,  Univ.  Calif.  Pub.s.  in  .\gr.  Sci.  3:  243-270  (1918) ;  Waynick,  D.,  and 
Sharp,  L.  T.,  Ihid.  4:  121-129  (1919). 
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began  the  construction  of  a  tower  from  the  top  of  which,  in  safe  seclu- 
sion, he  might  view  the  entourage.  However,  the  foundations  of  the 
tower  involved  architectural  problems  of  the  greatest  interest.  Doubt- 
less a  tower  of  sorts  could  have  been  built  without  foundations,  but  this 
would  not  have  been  becoming  to  a  careful  and  scientific  man.  Sadly 
enough  it  happened  that  Fu  was  .still  working,  quite  successfully,  at 
the  foundations  when  the  Emperor  went  by.— E.  E.  Free. 


NOTES  AND  COMMENT 

The  j)ul>lic'ati()ii  of  Hotaniciil  Abstracts  has  already  advanced  to  a 
point  that  makes  it  one  of  the  indispensable  tools  of  the  working  bot- 
anist. There  has  perhaps  never  before  been  a  project  in  the  liistory  of 
our  science  which  has  at  the  very  outset  elicited  such  a  large  amount  of 
gratuitious  cooperation.  Nearly  3000  titles  will  have  been  abstractcni 
in  the  first  two  vohunes,  and  it  is  estimated  that  between  5000  and  GOOO 
entries  will  appear  in  the  volumes  for  1920.  The  excellent  and  thor- 
oughgoing plan  by  which  practically  all  of  the  world's  periodicals  con- 
taining botanical  matter  have  been  assigned  to  collaborating  abstractors 
gives  assiu'ance  that  the  future  volumes  of  Botanical  Abstracts  will  very 
thoroughh-  cover  the  field  of  pure  and  applied  botany.  The  journal  now 
has  about  1000  subscribers,  and  it  is  worth}'  of  note  that  over  one  third 
of  this  number  are  outside  the  United  States  and  Canada.  The  un- 
hampered growth  of  this  valuable  pubhcation  will  depend  on  securing 
a  still  larger  subscription  list,  and  it  is  to  be  hoped  that  the  same  spirit 
of  cooperation  that  has  filled  its  pages  will  actuate  every  American  bot- 
anist to  do  all  he  can  to  increase  its  circulation. 

There  is  probablj'  no  case  in  which  American  horticulture  has  been 
more  dependent  on  foreign  importations  than  in  the  matter  of  securing 
bulbs  of  the  tulip,  hyacinth  and  narcissus.  The  popularity  of  these 
plants  is  attested  by  the  fact  that  nearly  two  million  dollar's  worth  were 
sold  annually  in  the  period  prior  to  the  war,  of  which  number  only 
twenty-five  thousand  dollar's  worth  were  produced  in  America.  Dr. 
David  Griffiths  and  Mr.  H.  E.  Juenemann  have  recentlj'  written  a  bul- 
letin (Department  of  Agriculture  Bull.  797)  describing  the  methods 
of  growing  and  handling  these  plants  and  indicating  the  extent  to 
which  their  production  may  be  increased  in  the  United  States.  The 
bulk  of  our  crop  is  grown  on  the  north  Atlantic  seaboard  and  in  the 
extreme  northwest.  The  authors  show  that  the  cultivation  maj'  be 
extended  to  the  Ohio  and  upper  Mississippi  valleys  and  that  the  selec- 
tion of  proper  varieties  will  make  it  possible  for  us  to  produce  our  own 
"Dutch  bulbs"  over  an  even  greater  area. 
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The  presence  of  rubber  in  the  common  rabl^it-brush  {Chrysulhamnus 
nauseosus)  of  the  Great  Basin  region  and  interior  CaHfornia  led  to  an 
extensive  investigation  of  the  plant  during  the  war.  A  recent  publica- 
tion Iw  H.  M.  Hall  and  T.  H.  Goodspeed  gives  the  results  of  the  field 
and  laboratory  work,  and  indicates  that  this  wide-spread  plant  pos- 
sesses in  the  aggregate  an  amount  of  rubber  that  might  be  of  great  value 
under  conditions  curtaihng  our  foreign  supply.  An  averag(^  of  180 
analyses  gave  2.83  per  cent  of  rubber  in  one  variety  and  slightly  lower 
percentages  in  others.  Ghrysil,  as  the  new  rubber  has  Ixien  designated, 
occurs  mainly  in  the  cortex  and  medullary  rays  of  the  larger  stems  and 
upper  portions  of  the  root.  The  varieties  growing  in  alkaline  soil  are 
the  richest  in  rubber,  which  promises  a  possible  future  for  these  useless 
lands. 

Mr.  Albert  F.  Hill  has  contributed  a  i)ai)er  on  the  Nascular  l-'iora  of 
the  eastern  Penobscot  Bay  Region,  Maine,  to  the  third  volume  of  the 
Proceedings  of  the  Portland  Society  of  Natural  History.  This  particu- 
larly nigged  portion  of  the  Maine  coast  has  a  flora  of  747  species  and 
varieties  of  native  and  introduced  plants.  The  author  discusses  the 
geographical  affinities  of  the  flora  and  the  Horistic  history  of  the  region, 
particularly  as  influenc(!d  by  the  glacial  period. 
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SOME  FACTORS  IN  RESEARCH' 

B.  M.  DUGGAR 

Missouri  Botanical  Garden,  St.  Louis,  Missouri 

WTien  I  accepted  the  invitation  of  the  Council  of  the  Botanical 
Society  to  present  a  paper  on  some  phases  of  research  I  did  not 
realize  that  in  this  reconstruction  period  there  would  be  so  many 
hammers  in  use  pounding  one  part  or  another  of  the  structure  of 
botany  and  placing  a  new  superstructure  upon  it  in  America. 
However,  since  the  hammer  is  being  used  constructively,  on  the 
whole,  perhaps  it  is  just  as  well  that  I  also  have  selected  this  as 
one  of  the  tools  with  which  to  work  today.  I  take  it  that  the 
whole  spirit  of  this  program  is  to  signify  that  American  botany 
intends  to  throw  off  any  indolent  satisfaction  or  pacifism  and 
become  warmly  assertive,  with  the  avowed  purpose  of  making  the 
science  as  a  whole  a  greater  national  force  and  asset. 

Broadly  speaking,  the  factors  in  research  are  all  those  condi- 
tions which  facilitate  not  merely  immediate  productive  effort,  but 
which  likewise  lay  the  foundation  for  consistent  and  sustained 
progress  in  the  time  to  come.  For  the  last  mentioned  reason 
some  of  the  things  which  I  have  to  say  have  to  do  only  vaguely 
with  the  immediate  factors  in  research;  and  where  the  latter  may 
be  specifically  identified,  I  shall  limit  myself  more  particularly 
to  considerations  arising  when  one  takes  merely  a  physiological 
view  point. 

The  science  of  physiology — or  plant  physiology,  as  we  are 
forced  to  call  it — is  virtually  a  new  one  in  this  country;  rather, 
it  is  only  within  about  the  last  twenty  years  that  it  has  been  free 
to  thrive  in  more  than  a  few  restricted  environments.  I  have 
here  in  mind  the  concept  of  plant  physiology  as  the  whole 
science  of  the  living  plant  in  action, — the  physics  and  chemistry  of 
life  processes,  the  correlations  of  organs,  tissues,  or  cells,  and  the 

'  A  symposium  paper  read  before  a  joint  meeting  of  the  Botanical  Society  of 
America  and  the  American  Phytopathological  Society,  Baltimore,  December  27, 
1918,  as  a  plia^e  of  the  general  to[)ic  "Our  Present  Duty  as  Botanists." 
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relations  of  the  plant  as  a  whole,  or  of  its  parts,  to  internal  and 
external  factors.  The  static  and  the  dynamic  study  of  vegeta- 
tion may  perhaps  be  separated  off  as  ecology,  but  there  is  no 
logical  subdi\'ision  of  physiology  on  the  basis  of  simplicity  or  com- 
plexity of  organization.  The  physiology  of  the  bacteria,  of  the 
fungi,  of  the  algae,  and  of  all  higher  classes  of  organisms  is  funda- 
mentally the  same. 

For  practical  purposes  it  is  possible  to  associate  certain  phases 
of  abnormal  physiology  with  certain  phases  of  anatomy,  histol- 
ogy, and  more  particularly  mycology,  under  the  caption  phyto- 
pathology. Even  so,  however,  much  that  is  fundamentally 
pathological  may  not  be  logically  extricated  from  that  which  is 
non-pathological,  and  physiology  may  legitimately  concern  itself 
with  a  certain,  at  present  ill-defined,  phase  of  phytopathology, 
including  the  so-called  physiological  diseases.  Indeed,  however 
narrowly  or  broadly  we  may  define  either  field,  pathologists  nmst, 
and  the  majority  do,  recognize  that  one  or  more  of  the  legs  of 
their  chairs  rests  on  the  foundation  of  physiology.  Although 
expressing  the  close  relation  between  pathologists  and  other 
botanists  Dr.  Lyman  has  persisted  in  using  the  expression  "pathol- 
ogists and  botanists" — just  as  one  might  say  hash  and  chili 
con  carne;  yet  both  are  made  from  yesterday's  beef,  and  the  dif- 
ference lies  chiefly  in  the  seasoning.  I  cannot  let  pass  unchal- 
lenged the  statement  that  the  pathologist  must  be  essentially  a 
mycologist.  I  have  greater  hope  for  the  pathologist,  for  I  be- 
lieve that  research  in  his  field  is  inseparable  from  research  in 
physiology;  that  is,  pathology  deals  not  merely  with  the  causal  or- 
ganism and  the  affected  host  but  with  all  growth  relations  and  in- 
terrelations of  both.  To  demonstrate  this  is  a  part  o*'  our  duty 
as  phj-siologists. 

In  much  the  same  way  as  for  pathology  one  may  segregate  as 
a  distinct  subject  certain  aspects  of  "bacteriology."  One  may 
relate  the  last-named  science  in  part  to  taxonomy  and  morphol- 
ogy, to  medical  science,  and  to  a  variety  of  industrial  "depart- 
ments." Nevertheless,  these  relations  take  nothing  whatever 
from  the  fundamental  physiological  aspects  of  bacteriology  as  a 
whole;  foi-  in  this  entire  field  morphologj'  is  secondary,   while 
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metabolism  (in  the  broadest  sense)  and  life  relations  offer  endless 
Dossibilities  in  research. 

I  will  not  enter  at  this  time  into  a  comprehensive  discussion  of 
the  research  relations  of  physiology  to  other  fundamental  and 
appHed  sciences,  but  will  only  use  a  few  instances  of  such  contact 
in  the  hope  of  establishing  a  broad  basis  for  the  subject — with 
the  feehng  that  such  breadth  is  always  a  dominant  factor  in  a 
wholesome,  well-rounded  concept  of  research.  The  various 
phases  of  research  in  any  general  field  are  ultimately  so  inter- 
related that  any  great  and  consistent  progress  in  a  narrow  sec- 
tion of  the  field  is — on  the  whole — dependent  upon  general 
progress  in  the  entire  field. 

It  is  practically  possible  to  dissociate  biological  chemistry  and 
physiological  chemistry  from  physiology,  because  animal  physi- 
ology has  in  the  past  restricted  itself  more  or  less  definitely  on 
account  of  the  complex  correlations  in  the  animal  body.  Refer- 
ring to  plants  alone,  however,  there  would  be  little  or  no  reason 
for  the  use  of  the  term  physiology  if  we  dissociate  it  ft-om  the 
biochemical  aspects.  Without  their  biochemical  bearing  what 
would  be  left  of  metabolism  and  enzyme  action,  of  photosynthe- 
sis, permeability,  and  toxic  action,  to  mention  only  a  few  divisions 
of  this  subject?  Imagine  at  this  time,  if  one  can,  the  stimulus 
to  research  in  a  plant  physiology  including  only  the  physical  and 
— let  us  call  it — "correlation"  problems.  Later  when  we  shall 
have  bio-physics  (and  there  have  always  existed  individual  bio- 
physicists) — then  plant  physiology  would  be  a  "miscellaneous" 
drawer  in  which  to  deposit  for  safe  keeping  the  little  known  and 
unclassifiable,  the  unclaimed  and  borderland  problems,  the  kicks 
and  the  contentions. 

Here  and  there  horticulture  has  accomplished  something  in 
research,  but  on  the  whole  the  organizations  of  modern  horticul- 
tural departments  have  been  failures  in  accompUshing  real  hor- 
ticultural research.  This,  however,  is  as  might  be  expected. 
Practical  gardens  and  orchards  were  sown,  and  gardenand  orchard 
practice  have  been  reaped.  Horticulture  touches  many  sciences 
(it  also  effectively  touches  legislatures)  and  thereby  offers  in- 
numerable research  opportunities  and  great  possibilities  in  equip- 
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ment;  but  it  offers  these  as  research  factors  to  physiologists, 
pathologists,  and  geneticists — all  botanists — not  to  men  with 
merely  practice  and  managerial  training.  The  chief  factor, 
therefore,  for  our  consideration  as  physiologists,  in  broadening 
the  horizon  for  research,  is  that  of  fostering  contact  with  horti- 
culture in  order  to  know  sympathetically  the  problems  which  grow 
out  of  it,  and  to  be  in  position  to  assume  such  pro))lems.  It  is 
absurd  to  condemn  it  and  stand  aloof. 

The  same  thing  can  scarcely  be  said  of  agronomy — using  this 
term  in  its  broadest  sense — because  agronomy  has  in  some  meas- 
ure kept  in  fairly  close  contact  with  chemistrj-,  with  soil  phj'sics, 
with  physiology,  and  with  bacteriologj'.  Indeed,  soil  science  is 
in  part  all  these  things.  Even  here,  however,  it  would  be  far 
more  advantageous  to  a  unified  botany  to  use  our  influence  to 
the  end  that,  where  fundamental  physiological  research  is  planned, 
appointments  be  urged  and  be  made  specifying  physiological 
research. 

In  this  connection,  moreover,  much  might  be  said  in  regard  to 
the  establishment  of  research  positions  in  various  industrial  en- 
terprises, such  as  drug  manufactures,  seed  houses,  and  other 
plant-exploiting  industries.  A  move  in  this  direction  has  been 
made  recently  where  a  progressive  drug  manufacturing  concern 
in  the  Middle  West,  which  formerly  employed  only  chemists  and 
animal  pathologists,  has  seen  the  wisdom  of  appointing  a  research 
plant  physiologist,  offering  an  opportunity  to  undertake  investi- 
gations in  any  direction,  whether  immediately  useful  or  not, 
which  may  be  related  to  its  enterprise.  Agriculture  is  not  our 
only  point  of  contact  with  industry.  To  any  one  who  has  looked 
over  the  field  it  must  appear  deplorable  that  there  exist  in  this 
country  few,  if  any,  experimental  zymological  or  fermentation 
laboratories  connected  with  industrial  enterprises,  yet  we  all 
know  what  has  been  accomplished  in  Copenhagen,  in  Vienna, 
and  elsewhere.  In  fact,  much  of  the  physiological  aspect  of  mi- 
crobiology as  related  to  industry  other  than  agriculture  is  in  a 
dormant  stage.  Wherever  opportimity  jiermits  we  should  in- 
ject the  necessary  hormone— I  say  hormone  because  that  seems 
to  connote  more  than  jiuicly  clu'inical  relations. 
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One  of  the  strongest  factors  in  fundamental  research  is  the 
capacity  to  develop  new  methods  and  new  apparatus  as  the 
newer  problems  are  approached.  I  anticipate  stimulation  rather 
than  inhibition  as  a  result  of  the  greater  independence  of  our 
work,  especially  in  relation  to  German  work,  due  to  the  war. 
The  importance  of  American  inventive  genius  has  always  been 
felt  in  mechanical  inventions  ])articularly,  but  we  see  this  same 
quality  now  dominant  in  the  methods  employed  and  the  appara- 
tus designed  for  investigation  in  the  basic  sciences  during  the 
past  ten  years  or  so.  Without  the  micro-nitrogen  methods  and 
the  amino-nitrogen  devices,  without  the  American  work  on 
lecithin  analysis,  and  especially  that  on  vegetable  proteins  and 
nucleic  acids,  biochemical  science  would  not  have  reached  its 
present  goal.  The  recent  work  on  the  measurement  of  osmotic 
pressure  is  a  standard  of  excellence,  and  even  oxidase  measure- 
ments have  become  quantitative.  In  the  field  of  hydrogen-ion 
concentration  pioneer  work  was  done  and  later  both  colorimetric 
and  electrometric  methods  advantageously  standardized. 

In  the  field  of  physiological  ecology  some  striking  advances 
are  in  the  determination  of  the  wilting  coefficient  of  plants,  meth- 
ods for  the  investigation  of  the  evaporating  power  of  the  air  and 
the  relation  between  transpiration  and  evaporation,  the  experi- 
mental method  as  appUed  to  field  ecological  study  and  the  ef- 
fects of  bog  waters  upon  vegetation. 

In  recent  times  fundamental  researches  have  been  contributed 
on  the  "hydration"  relations  of  the  colloids  and  the  effects  of 
salts  and  other  compounds  upon  the  hydration  capacity,  contrib- 
uting somewhat,  perhaps,  to  the  intricate  factors  in  growth. 
Nowhere  has  the  physiology  of  the  bacteria  and  of  the  fungi  re- 
ceived such  careful  study  with  special  reference  to  nutrition  and 
to  the  differentiation  of  species  through  their  physiological  ac- 
tivities, and  new  methods  of  approach  have  been  the  key  to  this 
success. 

The  study  of  antagonistic  salt  action  has  been  followed  most 
completely,  and  practically  speaking  the  recent  developments  in 
this  field  have  been  largely  American.  In  fact,  as  one  looks 
through  the  various  major  topics  in  the  field  of  physiology  it  is 
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found  that  energetics,  photosynthesis  and  chlorophyll  action 
alone  are  those  which  have  in  this  country  in\-ited  relatively  little 
consideration,  although  investigations  now  in  progress — the 
preliminaries  of  which  we  have  heard — afford  indication  that  the 
photosynthetic  mechanism  will  not  long  remain  fundamentally 
unexplored. 

We  have  scarcely  yet  admitted  a  confidence  in  American  bo- 
tanical research,  but  confidence  is  desirable,  and  an  appreciation 
of  whatever  may  be  fundamental  is  better.  Perhaps,  more  even 
than  we  are  willing  to  acknowledge,  we  have  accepted  past  Ger- 
man superiority  and  applied  it  to  the  present.  Let  me  point 
out  one  instance.  Although  we  all  revere  the  memory  of  Dr. 
Eduard  Strasburger,  and  know  full  well  the  debt  of  American 
cytology  to  his  influence  upon  American  students,  yet  it  seems 
to  me  that  we  do  not  realize  or  adequately  emphasize  the  small- 
est fraction  of  the  debt  which  he  owed  to  his  American  students. 
Strasburger  himself  recognized  it  and  declared  it.  When  we 
then  recall  the  work  done  in  Europe  by  Campbell,  Humphrey, 
Mottier,  Harper,  Fairchild,  Swingle,  Chamberlain,  Davis,  Allen, 
Overton  and  a  host  of  others  who  gave  to  their  teacher  inspira- 
tion and  knowledge  of  techiquc,  while  tlisplaying  powers  of  care- 
ful observation  and  deduction,  we  begin  to  see  that  American 
botanists  have  not  been  takers  merely,  but  givers  in  full  measure. 
Moreover,  if  you  have  worked  in  that  atmosphere  and  have  per- 
sonally felt  the  spirit  and  seen  the  material  advances  left  in  the 
wake  of  the  American  student,  there  can  be  no  question  that  this 
German  laboratory  profited  well  from  its  American  association. 
It  matters  not  that  the  old  cytology  seems  to  be  rounding  out 
its  existence;  the  record  of  accomplishment  is  full,  and  the  promise 
for  future  confidence  in  a  world  competition  may  be  abundantly 
sustained.  American  physiological  literature  will  doubtless 
never  again  fail  to  receive  the  recognition  which  is  justified. 
We  have  no  desire  to  be  critical  of  the  science  in  other  countries, 
and  much  may  be  said  in  extenuation  of  the  circumstance  that 
our  experiment  station  publications  are  most  frequently  disre- 
garded. The  very  di\-ersity  of  the  material  offered  has  made 
adequate  consideralion  (liHicult;  but  outside-  of  such  cases  it  is 
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safe  to  assert  that  no  small  amount  of  the  work  published  on  this 
side  of  the  water  has  been  systematically  overlooked.  English 
and  French  (no  less  than  German)  investigators  in  the  field  of 
plant  phj'siologj-  are  not  free  from  this  criticism.  Nothing  will 
correct  this  more  promj)tly  than  the  development  of  a  high  stand- 
ard of  American  journals  and  particularly  the  development  of 
our  new  abstract  journal  to  the  highest  perfection  of  its  kind. 
The  criticism  which  is  mentioned  above  is  not,  however,  applicable 
to  foreign  botanists  alone,  but  in  many  instances  it  applies  also 
to  some  among  us.  Due  to  our  educational  associations,  es- 
pecially in  Germany,  we  may  have  laid  altogether  too  much 
stress  upon  relatively  insignificant  German  publications,  and  we 
have  seen  through  rose-colored  glasses  the  accomplishments  of 
many  of  their  investigators,  particularly  in  phytopathology. 

Immensely  serviceable  in  furthering  research  would  be  the 
greater  availability  of  special  equipment.  Library  material  is 
used  by  those  U\'ing  far  and  near,  and  I  believe  that  the  exten- 
sion of  opportunities  and  inducements  to  use  special  equipment, 
particularly  during  the  usual  vacation  period  would  meet  general 
approval.  Let  us  take  one  or  two  examples.  Surely  it  is  not 
yet  necessary  for  every  laboratory  in  the  country  to  develop  an 
expensive  equipment  for  the  control  of  humdity  and  temperature 
in  greenhouse  compartments.  Yet  an  effective  equipment  of 
this  type  would  offer  a  means  of  solving  a  variety  of  problems 
confronting  the  physiologist  and  pathologist. 

Similarly,  as  physiologists  and  pathologists,  we  are  practically 
all  finding  ourselves  compelled  to  employ  methods  of  hydrogen- 
ion  determination  as  a  part  of  every-day  technique.  The  indi- 
cator method  is  extremely  serviceable — as  a  result  of  excellent 
work  done  in  this  country — and  while  simple  and  accurate  enough 
for  ordinary  purposes,  there  are  times  when  we  must  know  that 
our  standard  solutions  are  accurate.  This  is  particularly  true, 
of  course,  where  the  chemical  equipment  is  meager.  It  is  not 
possible  for  every  laboratory  to  install  and  maintain  equipment 
for  the  gas  chain  method,  therefore  it  is  conceivable  that  the  es- 
tabUshment  at  various  centers  of  standardized  electrical  methods, 
employing  potentiometers,  might  solve  the  present  difficulty. 
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There  are  doubtless  many  physiologists  today  who  hesitate  to 
consider  hj'drogen-ion  concentration  as  a  factor  in  their  work 
because  of  imagined  difficulties  in  the  process.  Yet  this  is  one 
of  the  factors  which  enters  into  every  fundamental  study  of  the 
soil  relations  or  the  solution  relations  of  plants,  of  the  activity 
of  microorganisms  in  fermentation  phenomena,  and  of  the  proper 
study  of  most  in  vitro  enzymatic  processes.  Again,  we  cannot  all 
possess  an  ultramicroscopic  equipment,  yet  there  should  be  such 
equipment  accessible  at  convenient  points. 

There  are  few  of  us  who  cannot  appreciate  the  value  of  special 
conferences  and  of  contact  with  one  another  in  groups  at  meetings 
such  as  those  we  are  holding  here  this  week.  I  feel  certain  that 
the  idea  of  special  conferences  modified  to  meet  particular  needs, 
could  be  greatly  extended  as  a  factor  in  effective  research.  The 
promotion  of  contact  between  investigators  in  large  groups  has 
its  limitations.  Even  so,  however,  such  contact  has  been  possi- 
ble for  a  considerable  class  of  biologists  (including  physiologists) 
at  the  Marine  Biological  Laboratory  and,  for  smaller  numbers, 
at  a  few  other — mostly  marine — laboratories  in  the  country. 
The  Desert  Botanical  Laboratory  has  offered  special  advantages 
to  a  limited  number,  and  this  type  of  opportunity  is  just  what  is 
desired.  It  appears  to  me,  however,  that  there  are  too  few  con- 
tinuous or  discontinuous  influences  of  this  type  for  groups  of 
botanists.  My  idea  is  that  extended  conferences,  or  team-work 
investigation — real  democratic  team  work,  often  occupying  nmch 
of  the  summer  vacation,  arranged  by  relatively  small  groups  of 
workers  interested  in  related  problems,  would  bring  results  at  a 
minimum  of  effort.  Indeed,  I  feel  sure  that  some  of  the  prob- 
lems confronting  our  experiment  stations  could  be  most  efficiently 
and  even  cheaply  soh'ed  by  arranging  for  properly  selected  group 
work  of  this  type.  I  do  not  refer  to  that  kind  of  team  work  in 
which  there  is  one  dictator  and  many  mechanicians,  although  that 
may  l)e  good  enough  at  times. 

Related  to  these  suggestions,  there  is  ])articular  need  of  fo.ster- 
ing  the  laboratory  encouraging  worthy  post  Ph.D.  research,  or  of- 
fering favorable  contact  for  the  man  on  sabbatical  leave,  and 
this,  I  believe,  is  a  thing  to  be  striven  for  by  several  of  our  labora- 
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tories  devoted  cntireh'  or  i)rimarily  to  research  and  graduate 
work. 

Theoretically  we  d()iil)tle8S  admit  the  necessity  of  close  coop- 
eration between  the  departments  of  plant  physiologj'  on  the  one 
hand  and  those  of  chemistry  and  physics  on  the  other.  In  our 
universities  and  colleges  apparently  this  is  not  developed  to  the 
same  extent  that  it  is  in  England,  for  one  can  seldom  pick  up  an 
English  journal  containing  an  important  contribution  in  physi- 
ology which  does  not  exhibit  and  acknowledge  the  closest  coop- 
eration with  the  department  of  chemistrj^  or  of  physics  of  the 
same  institution.  This  to  my  mind  accounts  in  some  degree  for 
the  very  high  standard  of  work  which  has  been  done  in  England 
in  recent  years.  We  saw  it  in  the  w'ork  of  Marshal  Ward  some 
fifteen  to  twenty  years  ago,  and  we  see  it  today  in  that  of  various 
investigators  who  occupy  prominent  positions.  I  fear  that  we 
have  not  yet  j^eached  the  point  where  we  are  willing  to  lay  the 
cards  on  the  table,  as  it  were,  in  order  to  secure  the  assistance 
of  our  colleagues  in  other  fundamental  sciences. 

Nevertheless,  I  do  not  forget  that  fundamental  research  gen- 
erally means  individual  effort,  but  there  are  times  when  no  indi- 
vidual can  adequately  encompass  the  problem  which  he  faces. 
"VNTiatever  may  be  said  about  physiology  as  merely  a  special  phase 
of  physics  and  chemistry,  we  who  are  in  the  subject  know  that  it 
is  in  reality  much  more  than  that,  and  it  is  scarcely  possible  for 
one  man  to  be  in  all  phases  and  at  once  a  broad  physiologist  and 
a  thoroughly  competent  biochemist  and  biophysicist.  Surely, 
then,  the  University  with  its  varied  departments  should  promote 
cooperative  effort.  But  for  some  reason  special  institutions  with 
"topical  problems"  rather  than  highly  specialized  departmental 
research  seem  to  be  those  who  are  successfully  and  chiefly  domg 
cooperative  work. 

As  to  publication,  one  needs  to  look  back  scarcely  ten  years  to 
the  time  when  the  main  sources  of  publication  for  plant  physio- 
logical and  pathological  materials  were  the  Botanical  Gazette  and 
the  Torrey  Bulletin,  aside,  of  course,  from  a  few  proceedings  of 
societies  and  the  popular  bulletins  of  the  agricultural  experiment 
stations  and  the  department  at  Washington.     Today  there  are 
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not  less  than  fifteen  journals  or  periodicals  of  high  grade,  in  which 
material  of  this  type  finds  ready  publication — and  this  is  exclu- 
sive of  the  sources  of  publication  already  referred  to.     In  addi- 
tion there  are  the  technical  bulletins  of  the  various  experiment 
stations  and  several  chemical  journals  to  some  of  which  plant 
physiological  material  at  least  finds  ready  access.     That  the 
establishment  of  these  journals  indicates  extraordinary  j^rogress, 
and  that  their  maintenance  on  a  high  plane  tends  constantly  to 
stimulate  the  best  grade  of  work  and  to  discourage  unfaithful 
work,  scarcely  needs  argument.    Possibly  though  we  have  already 
gone  too  far  in  this  matter  of  number  of  periodicals.     American 
chemists— although  perhaps  quite  ten  times  as  numerous  as  all 
botanists— have  only  five  or  six  distinctively  chemical  and  bio- 
chemical  periodicals.     We  need   data,   especially   quantitative 
data,  but  diffuse  publication  does  not  foster  research.     The  num- 
ber of  physiological  titles  which  appear  in  American  literature  in 
1900— gathered  from  various  abstract  journals,  and  from  a  care- 
ful study  of  American  journals — was  scarcely  a  baker's  dozen, 
while  the  number  for  1918,  in  spite  of  war  conditions,  is  estimated 
to  be  not  less  than  one  hundred  and  fifty.     In  spite  of  this  prog- 
ress, however,  and  of  the  integrity  of  present  day  motives,  we 
reaUze  more  than  ever  that  we  are  on  examination  before  the  world, 
and  that  the  quality  of  the  work  should  rise  with  the  responsi- 
bilities which  confront  us.     I  believe  that  ultimately  no  factor 
will  contribute  more  to  the  confidence  and  success  of  American 
botanical  research  than  a  well-edited  world-circulated  abstract 
journal,  and  to  my  mind  it  is  the  first  duty  of  every  American 
botanist  to  support  this  enterprise.     We  have  not  as  yet  made 
more  than  a  beginning  towards  an  adequate  expression  of  Ameri- 
can research  work  in  the  form  of  monographs,  or  topical  hand- 
books, and  once  our  abstract  journal  is  well  established,  1  antici- 
pate relatively  little  difficulty  in  the  publication  of  such  scientific 
memoirs. 

In  bringing  this  discussion  towards  a  conclusion  I  wish  to  treat 
one  phase  of  research  more  specifically.  I  am  so  impressed  with 
the  desirability  of  joint  effort  that  I  wish  to  mention  four  prob- 
lems in  which  I  am  interested  that  seem  to  offer  special  oppor- 
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tunity.  (1)  Nutrition  of  the  fungi,  (2)  solution  requirements  of 
green  plants,  (3)  "mosaic"  diseases,  and  (4)  the  role  of  colloids 
in  the  water  relation  of  the  cell.  I  desist  from  outlining  the  prob- 
lems or  indicating  their  present  status,  except  in  two  instances, 
and  these  are  the  last  two  mentioned.  The  first  is  a  problem  on 
the  borderland  of  physiologj^  and  pathology.  For  years  the  ques- 
tion of  filterable  "viruses"  has  been  one  of  great  importance  in 
animal  pathology,  and  it  has  also  received  considerable  attention 
from  the  plant  side,  necessitated  by  the  economic  significance  of 
such  diseases  as  the  mosaic  diseases  of  tobacco,  peach  yellows 
and  little  peach.  On  the  whole  the  "organism"  theory  is  most 
generally  accepted  in  the  case  of  the  twenty  odd  human  and 
animal  diseases  listed  as  belonging  to  filterable  viruses.  There 
is  apparently  no  unanimity  of  feeling  as  to  how  organisms  could 
exist,  with  organization  and  extensive  correlation,  possessed  of 
the  size  which  many  of  these  have  been  assumed  to  have,  as  in- 
dicated by  filtration  relations.  In  a  very  few  cases  only  have 
cultures  presumably  been  secured;  that  is,  in  practically  all 
cases  the  organism  has  not  been  seen,  even  in  mass.  In  the  great 
majority  of  cases  no  characteristic  of  an  organism  has  been  dem- 
onstrated further  than  the  capacity  of  the  virus  to  reproduce 
itself  (an  important  character,  certainly)  when  introduced  into 
a  healthy  host  organism.  Nevertheless,  there  is  wide  variation 
in  the  degree  of  infectiousness  or  contagiousness  of  the  different 
diseases.  On  the  plant  side  there  is  convincing  evidence  that  in 
the  case  of  yellows  it  is  essential  that  budding  or  some  other  tis- 
sue transplanting  method  be  employed  in  order  to  insure  infec- 
tion bj'  known  means.  The  mosaic  diseases  stand  in  direct 
contrast,  since  here  the  juice  of  affected  plants  is  highly  infectious. 
New  York  and  other  northern  states  expend  annually  a  consider- 
able sum  of  money  on  inspection  work  in  the  hope  of  eradicating 
the  yellows.  I  have  spent  parts  of  several  summers  in  the  peach 
yellows  district  and  I  have  been  able  to  see  no  indication  that  the 
disease  is  being  "eradicated."  Of  course,  there  is  much  less  yel- 
lows than  when  inspection  began,  which  is  due  in  part  to  up- 
rooting the  affected  trees.  The  disease  runs  its  course  in  about 
three  years  and  the  average  man  sees  less  yellow  today  because 
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of  the  fact  that  it  never  reaches  the  stage  when  it  is  evident  to 
those  not  cognizant  of  the  early  symptoms.  There  exists  no  ex- 
perimental proof  that  the  disease  may  be  conveyed  by  infected 
soil,  by  contact  with  diseased  trees,  by  the  action  of  insects  or 
by  pollination. 

It  is  conceivable  that  all  of  the  diseases  mentioned  might  be 
induced  by  chemical  substances  provided  we  assume  that  any 
chemical  body  may  have  the  power  of  stamping  upon  the  proto- 
plasm the  capacity  of  regenerating  itself.  This  is  perhaps  the 
one  strong  criticism  against  the  enzyme  or  chemical  theory  of 
cause.  Nevertheless  when  we  consider  how  little  is  known  re- 
garding the  cell  activities  resulting  in  the  production  of  enzymes, 
how  elemental  is  our  knowledge  regarding  their  production  as 
influenced  by  the  substrate,  how  complex  and  diilicult  are  the 
anaphylactic  relations  in  animals  and  lastly  how  mysterious  the 
influence  of  iron  in  the  cell  is  upon  the  production  of  chlorophyll, 
we  can  see  at  least  the  possibilities  of  new  lines  of  research  in  the 
case  of  these  so-called  physiological  diseases.  I  do  not  mean 
at  all  to  imply  that  there  are  not  ultra-microscopic  organisms. 
Ultra-microscopic  organisms,  however,  must  exhibit  metabolic 
functions  other  than  those  of  propagation,  and  when  they  may 
be  obtained  in  relatively  high  concentration  in  body  fluids  and 
in  plant  juices  we  should  have  some  proof  of  their  metabolic 
activities,  of  their  respiration. 

I  feel  that  research  in  these  directions  has  been  curtailed  by 
the  assumption  that  any  such  "organisms"  exist,  when  the  proof 
of  it  should  be  possible,  and  should  be  furnished  by  those  who 
maintain  their  existence.  If  such  organisms  exist,  it  is  clear  that 
they  are  not  of  widespread  distribution,  and  perhaps  do  not  occur 
at  all  as  saprophytic  organisms,  otherwise  we  should  have  en- 
countered them  in  the  various  fermentative  processes  charac- 
teristic of  plant  and  animal  products.  We  are  making  an  effort 
to  study  the  metabolism  of  such  assumed  organisms.  Many 
difliculties  beset  the  investigator  and  there  is  no  problem  known 
to  me  in  which  wider  skill  in  the  methods  of  bacteriology,  biologi- 
cal chemistry,  and  colloidal  chemistry  are  required.  A  group 
of   investigators   attacking   such  a   problem  and  conferring   in 
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respect  to  their  progress  would  seem  to  be  a  most  feasible  and 
laudable  association  of  interests. 

Lastly,  in  reference  to  particular  problems,  I  may  refer  to  the 
water  relations  of  cell  or  tissue  as  governed  by  diffusion  and  col- 
loidal hydration.  On  present  information  the  plant  physiologist 
may  have  no  idea  of  discarding  the  role  of  osmotic  pressure  in 
the  cell,  but  it  is  to  be  inferred  that  he  is  in  full  sympathy  with 
the  proper  evaluation  of  this  factor,  and  he  could  well  join  forces 
with  the  physical  chemist  to  examine  critically  and  in  a  new 
light  all  factors  involved. 

In  conclusion  let  me  say  that  the  time  has  long  passed  when 
adequate  training  for  physiological  and  pathological  investiga- 
tion is  obtainable  through  a  botanical  or  a  general  biological 
groundwork,  since  broad  fundamental  chemical  preparation  is 
particularly  essential.  This  is  true  whether  the  ultimate  direc- 
tion of  the  phj'siological  research  pursued  is  toward  the  ecological 
side  or  the  chemical  side.  No  less  consideration  should  be  ginen 
to  chemical  preparation  than  to  botanical  preparation  and  it 
would  be  a  great  step  forward  if  departments  of  botany  as  a 
whole  acceded  to  this.  If  it  is  not  recognized  the  task  of  the 
teacher  in  training  investigators  in  physiology  is  too  great. 


A  COMPARISON   OF  THE  VEGETATIONAL  FEATURES 
OF  TWO  DESERT  MOUNTAIN  RANGES 

FORREST  SHREVE 
The  Desert  Laboratory,  Tucson,  Arizona 

In  southcastem  Arizona  and  southwestern  New  Mexico  there 
are  a  number  of  forested  mountains  which  are  separated  from 
one  another  by  desert  plains  and  valleys.  The  irregular  plateau 
upon  \\hich  these  mountains  stand  is  a  portion  of  the  continental 
divide,  draining  westward  into  the  Gila  River  and  eastward  into 
the  Rio  Grande.  The  greater  part  of  the  so-called  plateau  lies 
between  3000  and  5000  feet  in  elevation,  being  in  fact  the  lowest 
part  of  the  continental  divide  between  northern  Canada  and  the 
Isthnms  of  Tehuantcpec.'  None  of  the  mountains  exceed  a 
length  of  25  miles,  but  many  of  them  lie  in  broken  chains,  usually 
running  in  a  NNW-SSE  direction  and  connected  by  low  hills  or 
narrow  passes.  Immediately  south  of  the  group  of  mountains 
under  consideration  lies  the  northern  end  of  the  Sierra  Madre 
Occidental,  which  forms  the  boundary  between  the  states  of 
Sonora  and  Chihuahua,  and  north  of  the  gioup  are  the  White 
Mountains  and  the  MogoUon  Mesa,  which  form  the  southern 
edge  of  the  Colorado  Plateau.  Far  to  the  northeast  lies  the 
southenunost  portion  of  the  Rocky  Mountains,  in  northern 
New  Mexico. 

It  is  only  on  the  mountains  which  exceed  7000  feet  in  ele\'a- 
tion  that  forested  areas  are  to  be  found,  although  lesser  eleva- 
tions are  frequently  occupied  by  low  or  open  woodland.  The 
principal  mountains  in  the  group  under  consideration  are: 
Baboquivari,  Santa  Catalina,  El  Rincon;  Santa  Rita,  Huachuca, 
Pinaleno,  Chiricahua,  Las  Animas  and  San  Luis.     Among  the 

'  The  Southern  Pacific  Railroad  crosses  the  continental  divide  near  Separ, 
New  Me.xico,  at  4502  feet,  and  the  El  Paso  and  Southwestern  Railroad  crosses  it 
near  Vista,  New  Mexico,  at  4679  feet. 
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less  heavily  forested  mountains  are  the  Whetstone,  Mule,  Swiss- 
helm,  Dragoon,  Galiuro,  Dos  Cabezas,  Peloncillo  and  Big 
Hatchet  ranges.  The  highest  of  these  mountains  is  the  Pinaleno 
range,  which  lies  near  the  left  bank  of  the  Gila  River  at  Safford, 
Arizona,  culminating  in  Mt.  Graham  at  10,550  feet.- 
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Fig.  1.     Map  showing  the  location  of  the  Pinaleno  and  Santa  Catalina  Moun- 
tains and  adjacent  ranges. 


After  several  season's  work  in  the  Santa  Catalina  ^fountains 
the  writer  became  interested  in  making  an  examination  of  the 
Pinaleno  range  with  a  view  to  comparing  the  general  ^'egetational 
and  floristic  features  of  the  two.     A  comparison  of  these  moun- 

'  This  range  is  locally  known  as  the  flrahain  Moiintaiiis,  through  a  careless 
use  of  the  name  of  the  highest  peak  as  a  designation  for  tlie  entire  range. 
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tains  is  made  more  suiiplo  than  might  be  the  case  by  the  fact 
that  they  are  both  in  a  relatively  initial  stage  of  physiographic 
development,  are  both  built  chiefly  of  gneiss  and  both  lie  in  a 
WNW-ESE  position.  It  is  possible,  therefore,  to  compare  the 
vegetation  at  the  same  ele\-ations  in  the  two  mountains  with 
a  minimum  of  complicating  features,^  and  to  detennine  the 
influence  of  the  greater  altitude  of  the  Pinaleno  I'ange  in  affecting 
the  character  of  its  vegetation  and  flora.  In  making  such  a 
comparison  it  is  necessary  to  take  into  account  the  universal 
influence  of  slope  exposure,  and  also  the  influence  on  vertical 
distribution  which  is  invariably  exerted  by  the  elevation  of  the 
surrounding  country. 

The  Pinaleno  JNIountains  may  be  pictured  as  a  series  of  rolling 
ai'cas  surrounded  on  all  sides  by  steep  ridges  and  narrow  canons, 
falling  awaj^  to  the  flood  plain  of  the  Gila  on  the  northeast  and 
to  the  Bonita,  or  Sulphur  Spring,  valley  on  the  southwest. 
The  length  of  the  range  is  about  28  miles  if  we  disregard  the 
chain  of  foot-hills  that  stretches  southward  toward  the  Dos 
Cabezas  range.  Some  of  the  most  salient  physical  features  of 
the  mountain  are  determined  by  the  fact  that  on  its  northeastern 
side  its  drainages  reach  the  Gila  at  elevations  of  about  2600  feet, 
and  on  the  southwest  side  its  streams  fall  to  the  Bonita  valley 
at  onl}^  5000  feet.  On  the  side  of  the  mountain  facing  the  Gila 
River  steep  alluvial  fans,  or  bajadas/  have  been  deposited.  All 
of  the  large  streams  have  cut  through  these  bajadas  so  that  then- 
upper  com-ses  now  lie  through  rocky  canons  with  V-shaped  bottoms 
and  their  lower  courses  through  shallow  canons  in  the  out  wash 
material,  with  broadly  U-shaped  bottoms.  A  section  of  one  of 
the  I)ajadas  cut  parallel  to  the  face  of  the  mountain  would  exhibit 
a  le\'el  top  with  pronounced  edges  and  sides  falling  awaj'  in 
parabolic  curves.  The  average  distance  from  the  Gila  River 
to  the  true  base  o'  the  mountain  is  about  6  miles.     The  longest 

'  The  vertical  limits  of  species  and  of  vegetations  are  different  on  nionntaiiis 
of  different  mineralogical  character.  In  general,  desert  species  reach  higher 
elevations  on  volcanics  than  on  gneiss  and  the  highest  elevations  on  limestone. 

*  This  Spanish  word,  which  has  been  quite  generally  adopted  into  the  vocabu- 
lary of  physiographic  terms,  should  be  pronounced  bahdlha. 
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of  the  bajada  slopes  extend  to  within  3  miles  of  the  i-iver,  and 
in  man}^  cases  their  slender  ends  have  been  cut  away  from  the 
main  bajada,  now  appearing  as  elliptica  hills  with  steep  sides 
and  flat  tops,  which  still  show  an  inclination  accordant  with 
that  of  the  main  bajada  (see  fig.  2).  The  inclination  of  the 
bajada  surfaces  is  such  that  the  innermost  portions,  next  the 
mountain,  ai-e  about  1000  feet  higher  than  the  ends  nearest 
the  ri\'er.  The  gradient  of  the  streams  as  they  follow  the  inter- 
bajadal  valleys  is  much  less  than  this.  The  line  of  contact 
between  the  true  base  of  the  mountain  and  the  sununits  of  the 


I'lL'.  -'.  Lookiiif;  toward  the  Gila  River  from  tlie  nuniira-^UTii  base  of  the 
Pinaleno  Mountains,  showing  the  dissected  bajada  at  the  right,  and  in  the  center 
a  hill  of  bajadal  origin. 

bajadas  is  now  almost  invariably  occupied  bj-  shallow  drainagc- 
wa3'S  of  relatively  receut  origin,  or  in  a  few  cases  is  occupied 
by  a  major  stream  way. 

On  the  southwestern  side  of  the  mountain  the  largest  streams 
reach  the  plain  and  quickl}'  disapi)ear,  with  almost  no  evidences 
of  the  history  of  the  enormous  amount  of  deposition  that  must 
have  been  taking  place.  There  is  abundant  evidence  that  these 
streams  have  frequently  changed  their  courses  in  the  inunediate 
viciiiitv  of  the  mouths  (if  tlieir  canons,  but  the  boulder-strewn 
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deltas  over  which  this  vacilhition  has  taken  place  are  oiih'  very 
slighth'  elevated  above  the  adjacent  plain. 

The  plain  at  Bonita  is  a  portion  of  the  Sulphur  Spring  Valley, 
which  has  a  total  length  of  about  100  miles  (in  the  United  States), 
a  width  of  10  to  25  miles,  and  lies  wholly  above  4000  feet.  The 
central  part  of  this  \alley  is  a  bolson,  or  enclosed  basin,  draining 
into  an  extensive  alkali  flat,  which  is  crossed  bj^  the  Southern 
Pacific  Railroad  between  Willcox  and  Cochise,  Arizona.  The 
southern  portion  of  the  valley  is  drained  bj^  the  "\ATiitewater 
Draw  and  the  northern  portion  by  Arivaipa  Creek,  a  tributary 
of  the  San  Pedro,  which  is  in  turn  a  tributary  of  the  Gila.  The 
Arivaipa  is  a  small  stream  fed  only  by  storm  waters,  and  its 
upper  course  lies  through  an  alluvial  valley  from  one  to  two 
miles  in  width.  This  ^•alley  is  sharply  separated  from  the  older 
and  higher  level  of  the  Sulphur  Spring  Valley  by  a  low  scarp. 
Although  the  Arivaipa  is  thus  seen  to  be  working  in  the  direction 
of  the  ultimate  tapping  of  the  Willcox  bolson,  it  is  nevertheless 
doing  so  at  an  extremelj^  slow  rate  because  of  the  small  volume 
of  its  flood  waters.  The  great  difference  which  has  been  de- 
scribed as  existing  between  the  basal  topography  of  the  two 
sides  of  the  Pinaleno  Mountains  is  undoubtedly  due  in  great 
measure  to  the  presence  of  the  strong  drainage  of  the  Gila  on 
the  one  side  and  the  w^eak  drainage  of  the  Arivaipa  on  the  other, 
if  we  disregard  the  original  structural  characteristics  of  the 
region. 

VEGETATION 

The  larger  features  of  the  vertical  distribution  of  vegetation 
in  the  Pinaleno  Mountains  are  similar  to  those  that  have  been 
described  by  the  writer  for  the  Santa  Catahna  Mountains,^ 
The  outstanding  features  of  dissimilaritj^  between  the  two 
mountains  are  due  to  the  greater  altitude  of  the  former  (by 
1400  feet),  and  to  the  fact  that  the  canons  of  the  former  are 
more  sharply  cut  and  better  w^atered.  The  higher  elevation 
results  in  extended  areas  of  forest  of  a  type  which  is  only  spar- 

'Shreve,  Forrest.  The  vegetation  of  a  Desert  Mciuiitain  Range  as  Condi- 
tioned by  Climatic  Factors.     Carnegie  Inst.  Wash.  Piili.  217,  1915. 
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ingly  represented  at  the  highest  ahitudes  m  the  Santa  C'atahnas. 
The  rugged  to])ography  of  the  Pinaleno  range  and  the  numerous 
constant  streams  bring  about  a  sharper  contrast  between  the 
vegetation  of  canons  and  slopes  at  lower  and  middle  altitudes 
than  is  the  case  in  the  Santa  Catalinas.  The  evergreen  scrub 
of  lower  altitudes  is  carried  to  high  elevations  on  the  steep  south 
slopes  and  the  mesophytic  vegetation  is  carried  to  low  elevations 
along  the  constant  streams  of  the  larger  canons.  This  sort  of 
interdigitation  of  the  lowland  and  mountain  vegetation  is  con- 
spicuous in  all  desert  mountains,  but  its  amplitude  is  greater  in 
the  Pinaleno  ^Mountains  than  in  any  of  the  smaller  neighboring 
ranges. 

The  narrow  belt  of  desert  which  lies  })etween  the  Gila  River 
and  the  eastern  base  of  the  Pinaleno  Mountains  is  characterized 
mainly  by  Comllea  tridentata,  A  triplex  polycarpa  and  Lycium 
(jracilipes.  The  commonest  representatives  of  the  cacti  are 
Opuntia  slanlyi,  a  low  form  with  clul)-shaped  joints,  and  0. 
engclmannii,  an  erect  platyopuntia  with  ^•ery  large  joints.  The 
simple  vegetation  of  the  desert  floor  becomes  somewhat  richer 
on  entering  the  interbajadal  valleys,  where  Prosopis,  Atriplex 
canescens  and  Isocoma  wrightii  are  the  most  abundant  plants. 
Opuntia  spinosior,  0.  engelmannii  and  0.  macrocentra  are  the 
only  common  representatives  of  the  cacti  in  these  valleys  and 
on  their  gravelly  sides.  In  habitats  of  this  character  at  eleva- 
tions only  800  feet  lower  in  other  parts  of  southern  Arizona 
there  is  a  strong  representation  of  such  striking  cacti  as  Cariiegiea. 
and  Opuntia  bigelotni  and  a  series  of  desert  shrubs  and  perennials 
confined  to  lower  elevations. 

The  tops  of  the  largest  bajadas  lie  l)etwe(>n  4000  and  5000  feet, 
sloping  upward  at  a  gradient  of  slightly  less  than  500  feet  to 
the  mile.  The  extremely  coarse  material  of  which  thej'  are 
built  is  revealed  by  their  gravel  soil  and  numerous  rounded 
boulders  of  1  to  4  feet  in  diameter.  The  southern  crests  of  the 
bajadas  are  thickly  clothed  with  the  common  species  of  Opuntia 
and  with  Fouquieria,  while  the  tops  are  very  scantily  covered 
with  Prosopis  and  Yucca  radiosa,  and  with  a  very  open  summer 
carpet  of  HiUiria  cencliroides,  Eragroslis  lugens,  Arislida  scheidiaiia, 
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the  onuiipresoiit  Gulierrezia  gracilis  ami  other  herliaceous  phiiits. 
On  the  portions  of  the  bajadas  nearest  the  mountain  and  on 
the  north-facing  slopes  at  4800  to  5200  feet  the  shrubbery  be- 
comes more  abundant,  being  open  on  the  level  and  forming  closed 
thickets  on  the  slopes.  The  characteristic  shrub  is  Querciis 
grisea,  and  almost  equally  common  are  Ceanothus  greggii,  Cer- 
cocarpus  paucidentatus,  the  semi-succulent  Nolina  and  the 
suffrutescent  Artemisia  ludomciana.  Less  frequent  are  Jxmiperus 
monosperma,  Garrya  wrighlii,  Arctostaphylos  pungcn.s  and 
Agave  parryi. 


i  ii;.  .).  .-lupesof  Frye  Canon,  on  the  1 
hewing  encinal  with  scattered  individu! 


I.;,,,,.-,  ,,.,>  ..i  ,iif  Pinaleno  Mountains, 
1  of  Pitnis  chihuahuana. 


.\{  ilu"  altitude  of  the  uppermost  portions  of  the  bajadas 
it  will  be  found  that  the  interbajadal  valleys  and  the  canons  of 
the  mountains  itself  are  heavily  wooded  with  evergreen  oaks, 
with  Juglans  major  and  Platanus  occidenlalis  along  the  streams. 
At  elevations  as  low  as  5500  feet,  and  near  the  banks  of  constant 
streams,  it  is  possible  to  find  numerous  shrubs  and  other  plants 
characteristic  of  higher  altitudes,  such  as  Robinia  neomexicana, 
Quercus  submollis,  Alnus  obloiigifolia,  Ceanothus  intcgerrimus 
and  Salix  sp. 
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After  reaching  the  slopes  of  the  mountain  proper  we  find 
a  typical  encinaF'  in  which  Quercus  enwryi  and  Q.  arizonica  occur 
along  with  the  components  of  the  scrub  just  mentioned.  Com- 
munities of  this  general  composition  occupy  the  south-facing 
slopes  up  to  7000  feet,  and  a  scrub  of  similar  appearance  clothes 
the  steepest  slopes  of  southern  outlook  to  elevations  of  slightly 
more  than  8000  feet.  Cercocarpus  and  Robinia  are  among  the 
few  shrubs  that  range  throughout  the  vertical  extension  of  the 
encmal  and  its  high-altitude  analogue.  Above  7000  feet  this 
shrubby  vegetation  is  made  up  chiefly  of  Quercus  reticulata,  Q. 
submoUis,  Q.  hypoleuca  and  Ceanothus  fendleri.  At  its  highest 
limit  it  is  sometimes  found  to  merge  into  young  thickets  of 
Populus  tremuloides. 

On  the  southwestern  side  of  the  Pinaleno  Mountains  the 
vegetation  is  much  more  simple  in  its  distributional  features, 
owing  to  the  greater  simplicity  of  the  topography.  The  grass- 
land of  the  Bonita  valley  becomes  verj^  open  as  it  is  followed  iip 
the  slopes  immediately  adjacent  to  the  base  of  the  mountain, 
and  Yucca  radiosa  is  the  most  conspicuous  of  the  woody  plants, 
with  Opuntia  spinosior  and  Prosopls  playing  a  secondary  role. 
Open  encinal  covers  the  lowest  slopes  of  the  mountain,  here 
somewhat  more  than  5000  feet  in  elevation,  and  descends  in 
many  places  onto  the  gentle  alluvial  aprons  over  which  the 
principal  streams  find  their  way  to  the  plain.  The  courses  of 
the  largest  streams,  as  those  from  Grant,  Goudy  and  Jesus 
caiions,  can  be  traced  from  a  distance  by  their  trees.  These  are 
chiefly  Quercus  emoryi,  Fraxinus  velutina,  Platanus  occidentalis 
and  Juglans  major.  Near  Fort  Grant  a  running  stream  ten  feet 
wide  may  be  found  at  all  seasons  of  the  year,  shaded  by  its  fring- 
ing grove  of  trees.  On  following  this  stream  down  the  very 
gentle  slope  toward  Bonita  the  amount  of  water  is  found  to 
become  rapidly  less  and  the  riparian  grove  to  become  more  and 
more  open.  Within  less  than  two  miles  from  the  mouth  of  the 
canon   the   water   has   vanished   and    llie   dry   streaniway   lias 

"  Encinal  is  an  open  or  closed  community  in  which  evergreen  oaks  are  domi- 
nant. From  the  Spanish  encina,  evergreen  oak;  encinal,  evergreen  oak  forest. 
(Pronounced  with  accent  on  the  hist  syllable.) 
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a  marginal  growth  of  Yuccd.  'I'ho  large  triangular  area  which 
receives  this  natural  and  continuous  sub-irrigation  from  the 
watei's  of  Grant  and  Goudy  canons  has  been  the  seat  of  successful 
a<gricultural  operations  from  the  earliest  settlement  of  Arizona. 
The  extent  of  pine  forest  in  the  Pinaleno  Mountains  is  not 
so  great  as  might  be  expected  from  the  size  and  altitude  of  the 
range,  owing  to  the  extremely  steep  and  rocky  character  of  the 
slopes  that  lie  at  favorable  altitudes  for  the  pines.  The  total 
area  of  forest  i.s  al>out  5G  square  miles,  if  we  comprise  the  encinal 
and  brushlaud  that  lies  above  the  normal  lower  limits  for  the 


Fig.  4.  A  park  on  •the  main  ridge  of  the  Pinaleno  Mountains  at  9200  feet  sur- 
rounded by  fore.st  of  Pinus  pondcrosa.  The  park  is  chiefly  occupied  by  Dugalden 
hoopesii. 

pine.  The  total  area  of  the  mountain  lying  above  8000  feet  is 
slightly  over  35  square  miles,  and  this  is  almost  completely 
covered  with  forest.'  Out  of  the  21  square  miles  of  forest  or 
potential  forest  below  8000  feet  it  is  doubtful  if  the  pines  occupy 
more  than  8  to  10  square  miles,  whereas  they  occupy  scarcely 
more  than  this  much  of  the  heavily  forested  area  above  8000 
feet,  where  other  trees  are  dominant. 

'  I  am  indebted  to  Mr.  T.  T.  Swift,  Supervisor  of  the  Crook  National  Forest 
for  the  loan  of  maps  of  the  Pinaleno  Mountains  from  which  these  computations 
of  area  were  made. 
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On  the  northeast  face  of  the  mountain  the  pines  are  first 
encountered  at  about  G800  feet,  while  on  the  southwest  face  there 
are  very  few  groves  below  7600  feet.  This  difference  is  partly- 
due  to  slope  exposure  and  partly  to  the  well-known  influence 
which  is  exerted  on  the  vertical  distribution  of  niovuitain  vege- 
tation by  the  elevation  of  the  basal  plain  or  valley.  Extensive 
areas  between  7000  and  8500  feet  are  occupied  by  oak  scrub, 
with  groves  of  pines  only  in  the  most  favorable  situations. 

The  predominant  pine  is  Pinus  ponderosa.  The  closely  allied 
form  known  as  Pinus  arizonica  has  not  been  detected  in   the 


Fig.  5.  Forest  on  a  shoulder  of  (he  north  slopes  of  Mt.  Graham  at  10,300  feet. 
The  trees  are  Picca  cngelmaniai,  Puius  ^Irohiformis  and  Abies  arizonica. 

Pinaleno  ^lountains,  although  in  the  Santa  C'atalina  range  it 
forms  the  great  bulk  of  the  yellow  pine  forest,  Pinus  ponderosa 
being  local  and  infrequent.  Above  8000  feet  the  pines  are  con- 
fined to  southern  exposures  and  at  about  9500  feet  they  reach 
their  upper  limit.  The  northern  slopes  between  8000  and  9500 
feet  are  chiefly  occupied  by  Pseudotsnga  taxifolia,  Abies  concolor 
and  Pinus  strobiformis,  all  trees  of  general  occurrence  throughout 
the  high  mountains  of  southern  Arizona.  On  going  above  9600 
feet  these  trees  become  less  frequent.  The  highest  elevation  is 
reached  by  Pinus  strobiformis,  which  occurs  on  dry  ridges  at 
10,300  feet,  where  its  resemblance  to  P.  flexiUs  is  very  strong. 
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Th(>  low  dense  forest  found  on  the  main  ridge  and  at  the  suniniit 
of  ^It.  Graham,  from  9600  to  10,500  feet  is  made  up  of  Picea 
cngelmannii  and  Abies  arizonica.  Neither  of  these  trees  is  found 
elsewhere  in  the  isolated  mountains  of  southern  Arizona  except  for 
the  occurrence  of  a  small  colony  of  the  latter  on  the  north  slopes 
of  IMt.  Lemmon  in  the  Santa  Catalina  range.  Other  woody 
plants  characteristic  of  the  Picea- Abies  forest  are  Salix  bon- 
plandiana,  Populus  tremuloides,  Alnus  tenuifolia,  Symphoricarpus 
oreophilus,  Lonicera  involucrata,  Vaccininm  scoparium  and  Riibus 
parvifloriis. 

RAINFALL 

In  the  summer  of  1917  the  writer  attempted  to  secure  a  series 
of  rainfall  readings  at  1000-foot  intervals  on  the  southwest  face 
of  the  Pinaleno  Mountains,  for  comparison  with  a  similar  series 


TABLE  1 
Rainfall  for  the  summer  of  1917  in  inches 

SANTA  C.4TALIX AS, 
JUNE  30  TO  SEP- 
TEMBER 30 

PINALENOS,  JDNE 
23  TO  SEPTEMBER  23 

Tucson  (2400  feet) 

6.26 

6.1 
S.O 

7.1 
9.2 
14.0 
15.0 
17.3 

Thatcher  (2800  feet)                

2 .  02 

3000  feet        .                . 

4000  feet    

Willcox  (4190  feet)                                   

0.07 

Bonita  (4916  feet) : .  .•■ 

■)000  feet '. 

0000  feet .' 

12.0 

7000  feet                               

15.5 

8000  feet        

13.0 

9000  feet 

12.1 

in  the  Santa  Catalinas.  Five  metal  cans  were  installed  from 
6000  to  10,000  feet  inclusive,  with  8  liters  capacity  and  10  cc. 
of  kerosene  to  prevent  evaporation.  The  gauges  were  installed 
and  read  on  both  mountains  at  such  time  as  to  secure  the  summer 
rainfall  alone  (July,  August,  September).  The  gauge  at  10,000 
feet  was  overturned  during  the  summer  and  the  record  lost. 
The  readings  for  the  other  stations  on  the  two  mountains, 
together  with  those  for  the  Weather  Bureau  stations  at  adjacent 
towns  are  shown  in  table  1. 
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It  goes  without  saying  that  the  rainfall  record  of  a  single 
season  is  of  relatively  little  value,  but  it  has  been  impossible  to 
continue  the  observations  on  the  Pinalenos  and  the  data  secured 
are  of  too  great  interest  to  be  discarded.  The  altitudinal  curve 
for  the  Santa  Catalinas  (fig.  6)  closely  approximates  the  form  of 
the  average  curve  for  a  ten-year  series  in  that  mountain,  showing 
a  sharp  rise  from  the  base,  at  3000  feet,  to  the  first  mountain  sta- 
tion, at  4000  feet,  a  drop  to  the  second  station,  at  5000  feet,  and 
a  pronounced  rise  from  0000  to  7000  feet.  There  have  been 
several  years  wh(>n  the  rainfall  at  i OOO  feet  on  the  Santa  Cata- 


(  in. .'.(10  foct. 


The  tri 
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Unas  was  less  than  at  8000  feet,  and  the  question  rose  as  to 
whether  9000  feet  was  near  the  elevation  at  which  the  altitudinal 
increase  of  rainfall  ceases  in  this  region.  The  aim  of  securing 
data  from  the  Pinalenos  was  (1)  to  determine  whether  the  alti- 
tudinal increase  of  rainfall  has  ceased  at  10,000  feet;  (2)  to  de- 
termine the  influence  of  the  higher  basal  elevation  of  these 
mountains  in  affecting  the  shape  of  the  curve  of  altitudinal  in- 
crease; and  (3)  to  discover  whether  the  lowest  station  in  the  for- 
est has  here  a  markedly  higher  rainfall  than  tlie  next  station  be- 
low it,  as  is  true  in  the  Santa  Catalinas. 
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The  answer  to  the  first  of  these  problems  was  not  wholly  lost 
b}'  the  failure  of  the  record  at  10,000  feet,  as  the  maximum  rain- 
fall was  registered  at  7000  feet  and  there  was  a  progressive  fall 
up  to  9000  feet,  this  station  having  nearly  the  same  reading  as 
the  one  at  GOOO  feet.     In  1917  the  rainfall  at  Bonita,  near  the 
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Fig.  7.  Graphs  showing  the  relation  of  altitude  to  rainfall  in  the  Santa  Cata- 
lina  Mountains  (heavy  line)  and  Pinaleno  Mountains  (light  line)  for  the  summer 
of  1917. 


base  of  the  Pinalenos,  was  slightly  less  than  at  Willcox,  35  miles 
away  near  the  centre  of  the  bolson,  although  Bonita  is  nearly 
1000  feet  higher  than  Willcox.  At  the  first  mountain  station, 
however,  the  rainfall  was  more  than  twice  as  great  as  the  fall 
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at  Bonita,  showing  that  here,  just  as  in  the  Santa  Catalinas,  the 
first  1000  feet  of  mountain  slope  engender  a  marked  rise  in  the 
rainfall.  The  conditions  which  give  the  forested  elevations  of 
the  Santa  Catalinas  a  much  higher  rainfall  than  the  encinal 
region  appear  to  be  reversed  in  the  Pinalenos,  ^\•here  there  is  a 
fall  in  the  precipitation  on  ascending  from  the  latter  vegetation 
at  7000  feet  into  the  forest  at  8000  feet . 

The  vertical  distribution  of  rainfall  in  the  isolated  mountains 
of  the  southwest  is  not  only  of  great  theoretical  interest  to  mete- 
orology but  is  of  fundamental  importance  in  connection  with 
our  knowledge  of  their  vegetation,  and  also  of  practical  value  to 
foresters  with  relation  to  forest  management  and  the  control  of 
fires.  Any  seasonal  records  that  can  be  taken  will  be  of  great 
value,  as  it  will  obviously  be  a  long  time  before  we  can  secure 
data  for  the  entire  year  at  these  uninhabited  elevations. 

FLORA 

At  the  present  time  the  floristic  features  of  the  Pinalcno  Moun- 
tains can  be  discussed  only  in  a  general  way.  The  imperfect 
knowledge  of  their  flora  may  be  judged  by  the  fact  that  no 
plants  were  collected  in  them  after  the  visit  of  J.  T.  Rothrock, 
with  the  AMieeler  Expedition  in  1874,  until  the  first  visit  by  the 
writer  in  1914.  The  most  prominent  differences  between  the 
forested  elevations  of  the  Pinaleno  and  Santa  Catalina  Moun- 
tains lie  in  the  existence  of  a  group  of  subalpine  species  in  the 
former,  for  which  there  are  no  favorable  altitudes  in  the  latter; 
and  in  the  existence  of  a  few  species  at  lower  elevations  in  the 
former  which  have  failed  to  make  their  way  to  the  latter.  The 
Pinaleno  ^lountains  are  also  without  many  of  the  desert  and 
encinal  species  of  the  Santa  Catalina  Mountains. 

The  most  prominent  of  the  subalpine  plants  found  in  the 
Pinaleno  range  but  absent  from  the  Santa  Catalinas  are: 

Alnus  lenuifolia  Nutt. 
Callha  leptosepala  DC. 
Campanula  parryi  Gray 
Chimaphila  umhellala  (L.)  Niitt. 
Genliana  clcgnns  A.  Ncls. 
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Ibidium  striclum  (Rydb.)  House 
Liguslicuin  porteri  C.  &  R. 
Lonicera  involucrala  Banks. 
Mertensta  pralcnsis  Hell. 
Oreochrysiiiii  parryi  (Gray)  Rydb. 
Pachislima  mijrsiniles  (Pursh)  Raf. 
Pedicularis  grayi  A.  Ncls. 
Peramium  decipiens  (Hook.)  Piper 
Picea  engelmanni  Parry 
Polenlilla  diversifolia  Lehm, 
Riibus  parviflorus  Nutt. 

.\U  of  these  16  species  are  found  in  the  mountains  of  New 
Mexico  and  Colorado  and  11  of  them  range  northward  as  far  as 
l^ritish  Columbia. 

.V  few  plants  are  found  in  the  forested  elevations  of  the  Pina- 
leno  range  below  9000  feet  which  are  not  known  from  the  Santa 
CataUna  Mountains.  This  group  is  to  be  distinguished  from  the 
former  by  the  fact  that  all  of  its  members  are  growing  at  eleva- 
tions which  exist  in  the  latter  mountains,  and  they  do  not  there- 
fore appear  to  depend  upon  physical  conditions  which  exist  only 
above  the  altitude  of  the  highest  point  in  the  Santa  Catalina 
range. 

Berberis  repens  Lindl. 
Ceanolhus  iniegerrimus  H.  &  A. 
Erysimum  wheeleri  Rothr. 
Galiriaoga  parvijlora  var.  semicaloa  Gray 
Pencome  caudata  Gray 
Rhamnus  betultfolia  Greene 
Thermopsis  pinetonim  Grooiie 
Veronica  serpyllifolia  L. 

All  of  these  species  are  common  at  their  appropriate  eleva- 
tions and  in  their  particular  habitats. 

A  few  species  are  found  above  8000  feet  in  the  Pinaleno  Moun- 
tains which  have  also  been  detected  in  the  Santa  Catalina  range. 
All  of  this  group  are  common  and  widespread  in  the  former  and 
found  only  in  one,  two,  or  in  one  case  in  three  verj^  restricted 
localities  in  the  latter.     They  are: 

Abies  arizonictt  Merriam 
Acer  glabrum  Torr. 
Artemisia  franserioides  Greene 
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Lonicera  arizonica  Rehd. 
Parlhenocissus  vilacea  (Knerr.)  Hitchk. 
Plelea  angtisli folia  Benth. 
Vacdnium  scoparium  Loibcrg 

Each  of  these  Usts  will  undoubtedly  be  greatly  extended  by 
further  exploration.  To  the  last  of  them,  however,  there  at- 
taches an  importance  which  has  no  relation  to  its  length.  Each 
of  the  species  listed  as  local  in  the  Santa  Catalina  range  is  found 
in  only  a  small  portion  of  a  particular  area  over  which  the  physi- 
cal conditions  are  identical,  and  over  which  the  species  charac- 
teristic of  that  area  are  found  to  recur  constantly.  Each  of  these 
seven  species  is  common  in  the  Pinaleno  Mountains  and  found 
throughout  its  particular  altitude  and  habitat.  It  is  to  be  ex- 
pected that  eacli  of  them  will  gradually  spread  in  the  Santa 
Catalinas  until  all  of  them  are  likewise  coextensive  with  a  par- 
ticular set  of  limiting  conditions.  We  are  here  brought  to  face 
with  the  entire  problem  of  the  manner  in  which  the  isolated  desert 
mountains  received  their  plant  population.  This  problem  is  a 
large  and  difficult  one,  on  which  the  evidence  is  at  present  ex- 
tremely meagre.  There  seems  to  l)e  no  e\-idence,  however,  in 
favor  of  such  a  radical  change  of  climate  within  the  life  of  these 
mountains  as  to  have  brought  about  a  continuous  lowland  vege- 
tation like  that  which  is  now  confined  to  the  mountain  summits. 
In  other  words  we  can  not  think  of  the  forest  flora  as  having  been 
deri\-ed  by  the  retreat  up  the  mountains  of  a  forest  which  for- 
merly occupied  the  desert  valleys.  The  floristic  evidence  is  against 
such  a  view,  and  is  such  as  to  indicate  that  the  isolated  mountain 
forests  have  secured  their  plant  populations  by  some  means  of 
dispersal  across  the  arid  areas  which  lie  between  them  and  the 
mountain  masses  to  the  north-east  and  the  south-east. 

The  means  by  whicli  such  disi>ersals  took  place  were  un<.loul)t- 
edly  numerous,  and  the  rate  at  which  they  operated  was  probalil>- 
very  slow.  The  limited  area  of  the  mountain  tops  has  in  itself 
been  an  important  factor  in  making  this  process  a  slow  one.  In  the 
Pinaleno  Mountains  there  are  35  square  miles  above  8000  feet 
in  elevation,  in  the  Chiricahua  Mountains  25  square  miles  and 
in  the  Saiila  Catalinas  only  5  square  miles.     In  the  last  named 
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range  the  total  length  of  all  the  constant  streams  above  8000  feet 
is  only  1.5  miles.  The  very  moist  soil  along  these  streams  is 
the  only  habitat  for  over  25  species  of  plants.  Making  a  gen- 
erous allowance  of  5  feet  as  the  average  width  of  the  moist  soil 
along  the  streams,  we  have  a  total  of  39,600  square  feet,  or  slightly 
less  than  one  acre.  Even  if  we  hypothecate  that  most  of  the  dis- 
persal from  mountain  to  mountain  has  been  by  the  agency  of 
birds,  and  that  the  plants  growing  in  moist  situations  above  8000 
feet  have  been  distributed  by  birds  which  chiefly  frequent  that 
habitat,  we  have  nevertheless  a  case  in  which  the  chances  for 
invasion  are  rendered  extremelj'  poor.  This  case  is  scarcely 
more  extreme  than  others  that  might  be  mentioned,  and  it  is 
cited  as  bearing  on  the  rate  at  which  invasion  by  new  species 
has  probably  been  taking  place. 

The  vegetational  differences  between  the  several  desert  moun- 
tain ranges  are  relatively  simple,  and  may  be  interpreted  in 
terms  of  the  differences  in  physical  conditions  which  are  brought 
about  by  differences  in  altitude,  in  basal  elevation,  in  character 
of  rock  and  other  features.  The  floristic  differences  between 
them  indicate  a  secular  movement  of  species  from  the  larger 
and  more  elevated  mountain  masses  toward  the  smaller  and 
more  isolated  ones,  with  a  rapid  impoverishment  of  the  flora 
as  the  latter  are  approached. 
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SuGAU  Metabolism  in  Cacti. — In  a  recently  published  monograph 
Spoehr^  presents  and  discusses  the  results  of  some  scores  of  anah-ses  of 
cacti  subjected  to  various  natural  and  experimental  conditions.  The 
monograph  is  much  more  than  a  summary  of  analytical  data.  The 
causes  and  r(>sults  of  the  changes  in  carbohydrate  content  and  in  the 
ratios  of  the  individual  carbohydrates  to  each  other  would  follow  the 
seasons,  the  water-balance  of  the  plant,  the  temperature,  the  external 
food  supph'  and  the  respiratoiy  activity  arc  discussed  most  suggestivelj' 
but  with  results  which  it  is  impossible  to  review  in  detail  without 
repetition  of  the  comprehensive  chemical  data. 

The  feature  of  the  results  which  seems  to  the  reviewer  of  greatest 
present  interest  is  the  role  of  the  pentose  sugars,  a  matter  already 
noted  by  Spoehr  in  these  columns.-  These  compounds,  which  are 
differentiated  from  the  ordinary  or  hexose  sugars  bj^  having  their  car- 
bon atoms  arranged  in  groups  of  five  instead  of  six,  arc  represented  in 
plants  mainly  by  the  pentosans, — complex  polysaccharids  which  are 
the  gums  or  mucilages  present  in  many  vegetable  cells.  These  mucil- 
lages  are  prominent  in  the  cacti  and  Spoehr  has  shown  that  they  may 
be  consumed,  on  occasion,  in  the  metabolism  of  the  plant.  Further- 
more, it  appears  that  conditions  of  low  water  supply  favor  the  forma- 
tion of  these  pentosans  in  the  cell,  and  this  suggests  a  possible  mechan- 
ism for  the  production  of  large,  mucilaginous  cells,  and  therefore  of 
succulent  habit,  as  a  response  to  dry  conditions.^  The  great  capacity 
of  these  gums  for  the  imbibition  of  water,  with  the  resultant  .swelling, 
gives  them  important  place  in  the  colloidal  changes  which  accompany 
growth.'  The  known  presence  of  pentose  sugars  in  the  nucleus  of  the 
plant  cell  completes  the  picture  of  a  group  of  carbohydi-atcs  proliably 

'  Spoehr,  H.  A.  The  Carbohydrate  Economy  of  Cacti.  Carnegie  Inst.  \\a>h., 
Pub.  2S7,  79  pp.,  1919. 

>  The  Plant  Workl,  21 : . :i(i.')-379  (1917). 

2  See  MacDoupal,  Riohaids  and  Spoehr,  "Basis  of  succulence  in  plants," — 
Bot.  Gaz.  67:405-410  (1919),  and  MacDougal  and  Spoehr,  "The  origination  of 
xerophytism,"— The  Plant  World  21:245-249  (191S). 

'See  MacDougal  and  Spoehr,  "Growth  and  imbibition," — Proc.  .\mer. 
Phil.  Soc.  56:289-352  (1917). 
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destined  to  play  a  significant   r(")lo  in  the  metabolic  and  protoplasmic 
theories  of  the  next  decade. 

As  indication  of  the  general  carbohytlrate  composition  of  the 
material  used  by  Spoehr  portions  of  two  analyses  may  be  quoted;  one 
of  Opuntia  phoeacanlha,  which  is  a  mucilaginous  species;  the  other  of 
Opuntia  versicolor,  which  is  less  so.^ 

Water 78.70  82.15 

Total  sugars 3.53  1.97 

Total  hexose  sugars 1.81  1.59 

Total  pentose  sugars  (including  pentosans) 1.6-1  0.36 

Pentosans 1.55  0.23 

The  monograph  contains  detailed  descriptions  of  the  analytical 
methods  employed-  for  the  extraction  and  clarification  of  the  plant 
juices  and  for  the  separation  and  determination  of  the  hexose  and 
pentose  sugars.  The  specialist  will  find  these  of  value.  Such  more 
general  readers  as  resemble  the  reviewer  in  being  a  little  hazy  con- 
cerning the  exact  relationships  and  behaviors  of  the  numerous  sugars 
which  are  now  known  will  thank  Spoehr  for  his  clear  and  compre- 
hensive Introduction,  a  chapter  well  suited  to  introduce  not  only 
this  particular  monograph,  but  sugar  metabolism  in  general. — E.  E. 
Free. 

A  New  Economic  Bot.^ny. — Under  the  title  "Applied  Economic 
Botany,"^  a  new  botanical  text  is  presented  in  the  Farm  Life  Series, 
which,  according  to  the  preface,  is  needed  because  of  poorly  adapted 
books  on  the  market.  With  the  statement  regarding  the  adaptability 
of  texts  already  in  use,  the  reviewer  does  not  entirely  agrc^e.  Most  of 
the  complaints  against  our  present  texts  in  botany,  if  investigated, 
would  not  be  scored  against  the  books,  but  against  the  teacher.  If 
fewer  botanical  classes  in  secondary  schools  were  taught  by  latin, 
history  and  chemistry  teachers,  there  would  be  fewer  complaints  against 
textbooks.  With  another  of  the  author's  statements  however,  few 
will  disagree.  Undoubtedly  the  .secondary  schools  are  trying  to  cover 
too  much  ground  instead  of  limiting  their  field  to  fundamentals.  This 
again  is  the  fault  of  the  teacher.  It  is  doubtful  if  any  text  will  really 
hold  such  instructors  in  check. 

'  Data  selected  by  the  reviewer  from  table  8,  (laj^e  -lO  of  the  nifjnograph. 
"  Cook,  Mel.  T.     .\[)plied  Economic  Botany.     1919. 

TUE  PL.VNT  WORLD,  VOL.  -2,  NO.  10 
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Applied  Economic  Botanj'  contains  eleven  chapters  on  the  structure, 
physiology  and  ecology  of  angiosperms;  one  chapter  each  on  the 
gjnnnosperms,  pteridoph\i;es  and  bryophj'tes;  two  chapters  on  the 
thallophytes  (including  bacteria);  one  each  on  forestry,  plant  diseases, 
plant  breeding  and  weeds;  one  on  important  families  of  economic 
plants,  and  one  on  special  exercises  (additional  study  of  economic 
plants).  The  first  four  chapters  take  up  seeds  and  the  vegetative 
organs  of  the  mature?  angiospcrmous  plant.  The  stuilent  is  introduced 
to  enzj-mes  early  in  the  course  in  connection  with  the  germination  of 
seeds.  Roots,  stems,  leaves  and  flowers  are  treated  in  a  manner 
sunilar  to  that  used  in  the  Gray  botanies.  In  the  chapter  on  plant  foods 
and  plant  growth,  the  paragraph  on  "circulation"  might  have  been 
incorporated  with  that  on  "transfer  of  water,"  thus  avoiding  a  mis- 
leading term.  Although  cells  are  constantly  referred  to  in  preceding 
chapters,  the  student  first  takes  up  the  topic  of  cellular  structure  in 
the  eighth  chapter.  Plant  diseases  are  discussed  before  either  fungi 
or  bacteria.  Gj'mnosperms  are  isolated  from  pteridophj-tes  by  chap- 
ters on  forestry,  plant  breeding,  plant  diseases  and  weeds.  Ferns  arc 
treated  without  reference  to  alternation  of  generations,  although  a  dia- 
gram of  the  life  historj^  is  given, — but  perhaps  such  a  reference  is  in- 
compatible with  economic  botany  or  applied  botany.  Spirogyra  is 
somewhat  removed  from  the  e.xalted  position  occupied  in  many  sec- 
ondary school  texts  as  the  "type"  of  green  algae, — a  fact  to  the  credit 
of  the  text,  although  it  remains  one  of  the  two  green  algae  figured.  The 
statement  that  "a  large  number  of  free-swimming  cells  known  as 
zoospores"  are  ]3roduced  in  Ulothrix,  and  that  "in  some  cases  these 
free-swimming  cells  (gametes)  unite  in  pairs  and  form  zj'gotes,"  is  not 
likely  to  be  very  clear  to  the  ordinary  high  school  student  (or  tcvichcn- 
either)  without  further  explanation. 

In  the  glossary  we  learn  that  an  antheridium  is  "the  organ  in  crypto- 
grams corresponding  to  the  anther  in  flowering  plants,"  and  the 
archegonium  is  "the  organ  in  cryptograms  corresponding  to  the  jjistil 
of  flowering  plants."  Such  inaccuracies  are  inexcusable,  even  in  an 
elementarj^  text. 

Although  the  author  states  that  he  has  been  mindful  of  the  needs  of 
"those  who  study  it  (botanj')  as  a  cultural  sui)ject,"  such  topics  as 
Mendel's  Law,  which  can  be  presented  in  an  elementary  way  in  a  per- 
fectly intelligible  form  for  secondary  school  students,  and  has  been  so 
presented  in  other  tests;  alternation  of  generations;  and  response  to 
environment,  are  either  omitted  or  are  referred  to  in  such  a  casual  way 
that  they  might  as  well  have  been  left  out. 
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In  coiu'Iu.sion  the  reviewer  Ix-lieves  that  the  sequence  of  the  chapters 
could  liave  been  made  more  logical;  that  several  subjects  treated  in  the 
text  could  have  been  somewhat  amplified  to  the  greater  value  of  the 
book  and  without  danger  of  presenting  unnecessarily  detailed  descrip- 
tion for  secondary  school  students;  that  greater  accuracy  would  have 
been  desirable;  and  that  the  needs  of  general  culture  students  are 
overlooked  to  a  great  extent. — J.  C\.  Brown. 


NOTES  AND  COMMENT 

H.  M.  Hall  and  Joseph  Grinnell  have  published  in  tlie  Proceedings 
of  the  California  Academy  of  Sciences  a  paper  on  Life  Zone  Indicators 
in  California.  A  brief  preliminary  discussion  is  given  of  some  of  the 
conditions  which  cause  nature  to  depart  from  the  life  zone  arrangement 
of  organisms  in  certain  localities.  Lists  of  plants,  amphibians,  rep- 
tiles, birds,  and  mammals  are  given  for  each  of  the  zones  from  Lower 
Sonoran  to  Arctic-Alpine.  The  plant  lists  are  confined  to  perennials 
and  are  chiefly  made  up  of  trees  and  shrubs. 

The  publication  will  be  of  some  use  to  students  of  plant  and  animal 
distribution  in  California,  but  it  does  nothing  to  give  the  "life  zone 
concept"  a  more  logical  basis  than  it  possessed  before.  An  organism 
that  is  supposed  to  be  an  indicator  of  the  existence  of  a  particular  set 
of  environmental  conditions,  fluctuating  between  certain  extremes, 
should  presumably  be  in  great  part  coextensive  with  these  condi- 
tions. If  it  is  not  we  arc  left  in  the  position  of  wondering  what  is 
indicated  by  the  indicator.  Even  in  bringing  together  a  list  of  organ- 
isms which  are  collectively  indicative  of  the  existence  of  a  particular 
gamut  of  conditions  it  is  difficult  to  see  the  force  of  including  species  of 
very  restricted  range.  For  example,  the  authors  have  listed  Piitu.i 
radiala,  Cupressus  macrocarpa  and  Sequoia  yigantea  as  indicators  of  the 
Transition  Zone  in  California. 

The  life  zone  concept  is  not  designed  to  add  anything  to  our  knowl- 
edge of  the  causes  underlying  distributional  phenomena,  and  if  every 
organism  growing  locally  within  a  zone  is  to  be  regarded  as  an  indicator 
of  the  zone,  the  concept  will  lose  its  value  even  as  a  mere  sch(>me  for 
placing  distrilnitional  facts  in  conv(>nient  pigeon  holes. 

Dr.  S.  S.  Visher  has  published  a  report  on  tiie  Cieograpiiy  of  Soutii 
Dakota,  as  Bulletin  8  of  the  South  Dakota  State  Geological  and  Nat- 
ural History  Sun'cy.  The  publication  covers  the  geological  and  physio- 
graphic features  of  the  state,  the  climate,  the  distribution  of  plant  and 
animal  life,  and  the  history  of  the  settlement  and  present  distribution 
of  the  population.  Some  40  pages  of  the  report  arc  devoted  to  a  dis- 
cussion of  the  bio-geograpiiy. 
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SOME  MOUNTAIN  PLANT  COMMUNITIES  OF  SANDY 
SOIL 

FRANCIS  RAMALEY 
Universily  of  Colorado,  Boulder,  Colorado 
I.  PHYSIOGRAPHY  AND  CLIMATE 

The  plant  communities  here  considered  occm-  in  a  limited  area 
of  sandy  soil  near  Georgetown  in  north-central  Colorado,  at  an 
altitude  of  8500  feet.  The  city  of  Georgetown  is  located  on  Clear 
Creek  in  a  deep  valley  about  a  half  mile  wide.  The  canyon 
walls  rise  quite  abruptly  1000  to  3000  feet  above  the  floor  of  the 
valley.  Various  rock  exposures  occur:  granites,  gneisses,  schists, 
and  some  porphjTy.  Weathering  of  these  rocks  leads  to  various 
degrees  of  disintegration  and  decomposition.  Much  of  the 
material  is  of  a  gravelly  nature,  having  pieces  of  different  sizes 
intermixed.  Again  there  may  be  a  coarse  sand  or  a  sand  and 
gravel  mixture.  Such  soil  is  common  everywhere  in  the  Rocky 
Mountains  and  is  known  as  "disintegrated  granite."  Below 
Georgetown,  however,  there  is  an  area  in  which  the  lower  slopes 
of  the  canyon  walls  are  made  up  of  pm-e  sand  of  rather  fine  tex- 
ture and  with  very  little  coarse  material  intermixed.  A  sample 
of  the  sand  was  examined  by  Prof.  R.  D.  George,  of  the  Geology 
Department  of  the  University  of  Colorado,  who  states  that  some 
of  the  sand,  at  least,  is  probably  derived  from  mine  workings  or 
stamp  mills.  Torrential  rains,  which  sometimes  occur,  serve  to 
carry  down  a  very  large  amount  of  loose  material  both  of  natural 
and  artificial  origin.  There  is  a  likelihood  also  that  some  of 
this  sand  is  of  eolian  origin,  lacing  carried  from  the  valley  floor  by 
high  winds  of  winter. 

The  present  paper  records  a  study  of  the  vegetation  of  this 
sandy  area  (see  map,  fig.  1)  which  extends  a  mile  along  the  west 
boundary  of  the  valley  beginning  al)out  a  half  mile  north  of  the 
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Fig.  1.  Map  of  Clear  Creek  valley  and  canyon  just  north  of  Georgetown, 
Colorado.  lOiilarged,  with  rovision.s  from  the  to|)Ograpliic  map  of  the  George- 
town quadrangle,  U.  S.  Geological  Survey;  contour  interval  500  feet;  buildings 
indicated  by  black  rectangles.  The  area  of  the  present  study  is  chiefly  close  to 
and  just  west  of  the  automobile  highway.  The  ponds  shown  on  the  map  are  arti- 
ficial and  subject  to  frequent  changes  In  outline.  Arabic  figures  on  the  map  have 
the  following  significance:  1  =  standing  water;  2  =  sand  without  vegetation,  fre- 
quently overflowed;  3  =  loose  sand  with  shrubs;  4  ---  sand  and  rocks  with  various 
shrubs  and  herbs  such  as  are  present  in  inceptive  mixed  grassland;  5  =  same  as 
preceding  but  with  a  number  of  trees;  G  -  loose  sand  with  wheat  grass;  7  =  early 
stage  of  Bouteloua  association  but  with  many  shrubs  of  Chrysothamnus;  8  = 
Bouteloua  and  other  short  grasses;  9  =  inceptive  mixed  grassland;  10  -•  derivitive 
mixed  grassland;  11  =  strcambank  fringe  forest  of  alders,  willows  and  cotton- 
woods. 
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railway  station  at  Cleorgctown.  In  tho  area  of  study  the  can- 
yon side  shows  alternating  gullies  and  ridges,  the  gullies  having 
the  looser  and  more  sandy  soil.  Ridges  are  often  of  solid  rock 
or  rock  fragments  with  only  a  thin  coating  of  sand  or  gravelly 
material.  Storm  waters  bring  t!own  large  amounts  of  sand, 
forming  in  places  wide  fans.  At  a  point  a  few  hundred  feet  away 
from  one  of  these  sand  fans  the  same  storm  may  make  a  temjio- 
rary  stream  that  carries  gravel  and  rock  fragments.  Succeeding 
storms  do  not  al\\ays  carrj^  the  same  kind  of  material  to  tlie  same 
place,  as  storm  waters  are  constantly  making  new  chaimels  down 
the  canyon  walls.  Thus  a  sand  fan  may  come  to  cover  up  a 
rock-wash  fan  or  the  opposite  condition  may  occur.  Because  of 
the  steep  slope  there  is  little  opportunity  for  accumulation  of 
humus . 

Georgetown,  although  at  an  altitude  of  8500  feet  is  in  the 
FoothilU  Zone  (3)  or  Submontane  Zone  (7),  as  is  shown  by  the 
presence  of  plants  that  do  not  extend  into  the  montane  area: 
Eriocoma,  Boiitelona  gracilis,  Opuntia,  Pediocactus,  Anogra  al- 
bicaidis,  Artemisia  brittonii.  The  climate  is  cool,  however,  with 
a  mean  July  temperature  of  about  62°  F.  and  a  mean  annual 
temperature  of  42°.  The  coolness  of  summer  may  be  best  ap- 
preciated from  the  fact  that  only  the  most  hardy  garden  vege- 
tables can  be  grown,  such  as  potatoes,  beets,  lettuce,  radishes, 
and  peas.  It  is  too  cold  for  tomatoes,  beans  or  maize,  or  for 
apples,  plums,  and  cherries. 

The  annual  rainfall  is  about  17  inches.  April  and  Maj^  are 
generally  wet,  June  and  July  quite  dry.  There  is  considerable 
wind,  especiall}'  in  winter  and  spring.  Snow  drifts  to  a  consid- 
erable extent  and  much  of  llu^  ground  is  exposed  a  large  part  of 
the  winter. 

II.  FLORA 

From  the  preceding  sketch  of  physiography  and  climate  it  is 
apparent  that  the  flora  of  our  sandy  area  must  be  meager,  and 
of  xerophytic  tjqie.  The  most  striking  feature  of  the  vegetation 
is  a  community  of  xerophytic  shrubs.  About  12  species  are 
present  all  told.  In  referring  to  these  and  to  other  plants  the 
nomenclature  of  Rydberg  (7)  will  be  followed. 
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There  are  three  common  species  in  loose  sand:  Symphoricar- 
pos  vaccinoides,  Rhus  trilobata.  and  Ribes  inebrians.  Another, 
perhaps  best  called  an  undershrub.  is  a  species  of  rabbit -brush, 
Chrysothamnus  liyiif alius. 

Aside  from  grasses  and  sedges  and  a  single  species  of  rush  the 
herbaceous  plants  of  sandy  soil  are  all  dicotyledons  so  far  as 
recorded.  An  annotated  list  including  both  shrubs  and  herbs 
is  given  at  the  end  of  the  paper. 

In  the  following  account  the  vegetation  is  described  under 
four  heads  according  to  substrata:  (1)  Pure  sand;  (2)  Sand-gravel 
slopes;  (3)  Rock  wash;  (4)  Rock  ridges.  Chief  attention  will  lie 
given  to  plant  associations  on  pure  sand. 

1.  Plant  communities  on  sand 

In  areas  of  pure  sand  without  rocks  and  with  very  little  humus 
there  exist  three  distinct  associations:  (a)  Shrub  association,  (b) 
^\^leat-grass  association,  (c)  Short-grass  association.  Besides 
these  three  definite  communities  various  intermediate  stages 
are  represented.  The  first  two  communities  named  arc  highly 
primitive  growths  in  soft,  loose  sand.  Steepness  of  slope  is  an 
im])ortant  factor  in  determining  their  occurrence.  The  scrub 
develops  oftener  on  steep  slopes  and  the  wheat  grass  in  more 
level  places.  Scrub  does,  however,  appear  in  some  situations 
where  the  ground  is  almost  level.  Short  grass,  even  more  than 
wheat  grass,  needs  level  ground  and  it  requires  a  soil  that  is 
somewhat  compact. 

a.  The  shrub  association  (or  scrub)  in  loose  sand  is  composed 
of  large  circular  growths  of  the  various  species.  ^lost  abundant 
is  Symphoricarpos  vaccinoides.  Chrysothamnus  linifolius  is  also 
common.  Rhus  trilobata  and  Ribes  inebrians  are  of  rather  more 
local  occurrence.  Three  other  shrubs  occur  chiefly  where  there 
are  rock  fragments  yet  at  times  they  too  are  found  in  jiurc  sand. 
These  are  Sericotheca  dumosa,  Cercocarpus  montanus,  and  Oreo- 
batus  deliciosus.  Among  rocks,  Sabina  scopulorum  and  Juniperus 
sibirica  may  be  found  locally  in  small  numbers.  In  narrow  gul- 
lies there  are  the  less  xerophytic  Prunus  melanocarpa,  Grossu- 
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laria  inermis,  Sambiicus  tnicrobotrys,  Acer  glabrmn,  Amelanchier 
pohjcarpa,  Rosa  hourgeauiana. 

Sijmphoricarpos  mccinoides  (fig.  2)  may  be  taken  as  the  most 
characteristic  of  the  shrubs.  It  is  not  confined  to  the  sand  but 
occurs  sparingly  and  as  small  individuals  up  and  down  the  canyon, 
growing  in  loose  disintegrated  granite.  In  sand  it  is  much  more 
luxuriant,  forming  large  clumps  commonly  1  to  3  meters  across. 
If  two  or  more  of  these  clumps  fuse  a  single  elliptical  or  otherwise 
elongated  growth  results,  sometimes  5  or  6  meters  long.  The 
plant  is  able  to  exist  in  highly  unstable  soil.     If  covered,  not  too 


Fig.  2.  Symphoricarpos  vaccitioides  growing  in  loose  sand  north  of  Georgotown, 
Colorado,  in  Clear  Creek  Canyon.     The  absence  of  other  vegetation  is  apparent'. 

rai)idly,  it  grows  up  through  the  sand.  It  also  holds  its  place 
when  the  sand  around  it  has  been  blown  or  washed  away.  In  this 
manner  mounds  may  develop  1  or  2  meters  high  which  persist 
for  a  long  time.  The  stems  of  this  species  are  weak  and  soon 
bend  over,  making  the  plant  well  suited  to  sandy  soil.  The 
leaves,  as  in  the  case  of  many  members  of  the  genus,  are  subject 
to  great  variation  in  foi-m.  Blooming  takes  place  the  fii'st  or 
second  week  of  July. 

Rhus  trilobala,  the  well-known  "skunk  bush"  of  the  mountain- 
front  area  reaches  here  its  upper  altitudinal  limit.     In  appear- 
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ance,  except  on  close  view,  the  clumps  are  exactlj'  like  those  of 
the  Symphoiicarpos.     The  plant  blossoms  in  mid  July. 

Ribes  inebriaiis,  a  common  shrub  of  the  foothills  and  montane 
zone,  is  less  frequently  found  in  pure  sand  than  the  two  already 
mentioned  but  it  does,  at  times,  form  similar  appearing  growths. 
This  "rod  currant"  blossoms  early  and  the  berries  are  ripe  in 
midsummer. 

ChrysiilhanuiUfi  linifuliiis  forms  characteristic  synnnetrical 
cliinips  of  small  size  (fig.  '■i).     This  "rabbit  bru.sh"  grows  some- 


Fig.  3.  Scatlereil  underslirulis  of  Cliry.^olhainiius  liitifoliits  in  sandy  soil;  Clear 
Creek  Canyon,  near  Georgetown,  Colorado.  Wheat  grass  is  invading  the  spaces 
between  the  undershrubs.  -V  mixed  shrub  growth  which  will  be  succeeded  even- 
tually by  forest  may  be  noted  on  the  steep  slope  in  the  background. 

times  by  itself  in  loose  sand,  sometimes  with  grasses  in  more 
stable  soil.  The  plants  die  back  part  way  in  the  winter.  The 
species  blossoms  very  late  in  the  season,  generally  in  September. 
Only  a  few  of  the  shrubs  of  the  communitj'  have  conspicuous 
flowers.  Oreobaliis,  the  thimble  berry,  has  blossoms  in  June 
resembling  large  white  roses.  Sericotlicca  with  spiraea-like  in- 
florescences in  late  July  is  of  striking  appearance.  The  Clui/so- 
thnmnus  blossoms  quite  freely  giving  in  autunm  a  greenish-yellow 
color  to  areas  where  it  is  al)undant. 
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The  herbaceous  plants  of  the  shrub  association  are  not  numer- 
ous and  no  one  of  them  is  especially  common  or  characteristic. 
Agropyron  smithii  is  somewhat  abundant;  some  of  the  other 
species  are  Tithymalus  mhitdus,  Lepidiion  di vers iflor urn ,  Pcri- 
lotna  serndatum,  Eriocoma  hyinenioidcs,  Sophia  incisa.  In  many 
parts  of  the  shrub  association  there  are  no  herbs  at  all  in  the 
spaces  between  the  shrubs. 

Probably  the  high  temperature  at  the  soil  surface  greatly 
limits  the  possibilities  of  establishment  of  shallow-rooted  forms. 
On  September  1,  1919  a  thermometer  pressed  into  the  sand 
horizontally  just  below  the  surface  showed  a  temperature  of 
40°C.  At  a  depth  of  2  dm.  the  temperature  was  24°C.  These 
readings  were  taken  at  10:00  a.m.  with  the  sun  shining  directly 
on  the  place  where  the  observations  were  made. 

b.  Wheat-grass  associalion.  This  association  of  Agropyron 
stnithii  is  well  known  on  the  plains  (2,  9),  especially  in  Wyoming 
and  jVIontana  where  it  co^•ers  large  areas.  In  Colorado  it  is 
represented  chiefly  by  a  strij)  running  north  and  south  along  the 
mountain  front  and  by  isolated  patches  on  the  plains  and  in 
valleys  of  the  lower  foothills.  Commonly  it  serves  as  an  indi- 
cator of  excellent  soil  for  agriculture.  In  our  present  area  of 
study  the  wheat  grass  grows  chiefly  in  rather  loose  sand,  becoming 
replaced  by  short  grass  as  the  soil  gains  in  compactness.  It  does 
not  develop  here  a  close  stand,  there  being  always  a  large  amount 
of  bare  ground.  Wheat  grass  is  a  good  soil  binder  behaving 
much  as  beach  grass  on  sand  dunes  of  ocean  shores.  To  one  who 
knows  only  the  typical  wheat-grass  growth  at  the  mountain 
front  this  activity  as  a  sand  binder  seems  quite  a  new  role.  The 
writer  is  familiar,  however,  with  a  similai'  behavior  of  the  species 
in  sandy  soil  of  the  plains  at  Globeville,  near  Denver,  and  at 
^\^ute  Rocks  a  few  miles  east  of  Boulder. 

Very  few  subordinate  species  arc  present  with  the  wheat  grass. 
!Most  frequent  are  Tithymalus  robustus,  Anogra  albicaulis,  Oreo- 
carya  virgata,  and  Chrysopsis  viscida.  Often  a  s(|uare  meter 
quadrat  has  no  plants  other  than  Agropyron.  If  the  soil  has  an 
admixtm'e  of  disintegrated  granite  there  may  be  some  Stipa  and 
perhaps  various  flowering  herbs  in  small  numbers,  as  Geranium 
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parryi,  Artemisia  frigida,  PotenliUa  concinna,  P.  hippiana,  and 
Achillea  lanulosa. 

c.  Short-grass  Association.  As  frequently  described  (1,  2,  8, 
9)  the  short  grass  of  the  plains  is  a  well-marked  association  in 
which  the  chief  species  are  buffalo  grass  {Bulbilis  dactyloides)  and 
grama  grass  {Bouteloua  gracilis).  The  former  species  is  more 
abundant  in  fine-grained,  the  latter  on  slightly  coarser  soils. 
As  a  rule  the  two  occur  as  separate  consociations.  In  our  present 
area  of  study  the  Bouleloua  consociation  is  established  in  many 
places  on  lev'el  or  slightly  sloping  soil.  No  Btilbilis  seems  to  be 
present;  perhaps  the  climate  is  too  severe.  But  there  are  other 
short  grasses  of  like  ecological  import  which  grow  in  patches 
much  after  the  fashion  of  Bouleloua  and  Bulbilis.  These  are 
Muhlenberbia  richardsonis,  Muhlenbergia  cuspidata,  and  Distich- 
lis  spicata.  They  form  rather  denser  growths,  where  they  occur, 
than  the  grama  grass. 

Short  grasses  replace  Agropyron  in  typical  succession.  They 
become  established  most  often  as  small  clumps  on  patches  of 
ground  bounded  by  shallow  rain-cut  channels  and  hence  not 
subject  to  overwash  by  sand. 

AMthin  the  clumps  of  short  grass  there  are  very  few  subordi- 
nate plants,  but  a  meter  quadrat  may  contain  relict  individuals  of 
Chrysothamnus  or  Agropyron,  not  usually  interspersed  witli  the 
short  grass  but  forming  jmtches  alternating  with  it.  A  number  of 
meter  quadrats  have  been  examined  by  the  writer  and  the  area 
covered  by  each  species  estimated  as  in  previous  studies  (4). 
Three  of  these  records  may  be  given  as  indicating  common  con- 
ditions. The  large  percentage  of  bare  ground  is,  of  course,  to  be 
expected  in  such  sterile  soil. 

Quadrat  3;  short  grass 

Bare  ground 6'> 

Bouleloua  gracilis IS 

Chrysothamnus  linifolius 10 

Artemisia  frigida 3 

Agropyron  smilhii 2 

Antennaria  arida 1 

Tilhi/inaliis  rohuslus 1 

100 


PLANT    COMMUNITIES    OF   SANDY    SOIL  321 

Quadrat  -j;  short  grass 

Bare  ground 75 

Bouteloua  gracilis 20 

Chrysolhamnus  linifolixts 4 

Mertensia  lanceolata 1 

100 

Quadrat  G;  short  grass 

Bare  ground So 

Muhlenhergia  richardsonis 15 

100 
2.  Plants  of  sand-gravel  slopes 

In  the  steeper  parts  of  the  canj'on  walls  having  more  than  30° 
slope  sand  does  not  accumulate  but  is  washed  down  farther  to 
the  valley  floor.  There  are,  however,  many  slopes  of  mixed 
sand  and  rock  fragments.  Here  the  shrub  association  is  well 
developed  although  somewhat  differently  from  the  way  it  is  on 
sand.  The  commonest  shrub  is  not  Sijniphoricarpos  but  Ribes 
tnebrians  and  there  are  not  the  large  synmietrical  clumps  of 
shrubs  but  smaller  and  more  straggling  specimens.  The  minor 
species  are  much  the  same  as  seen  in  pure  sand  but  more  abun- 
dant. Artemisia  frigida,  as  would  be  expected,  is  qsite  common. 
Grasses  are  largely  absent.  A  few  small  trees  develop  on  these 
slopes,  but  only  where  the  sand  covering  is  thin  and  solid  rock 
comes  close  to  the  surface.  The  trees  are  Pinus  scopulorum, 
Apimis  flexilis,  and  Pseudotsuga  mucronata. 

3.  Plants  of  rock  wash 

At  a  number  of  points  near  the  base  of  the  canyon  walls  inter- 
mittent or  temporary  streams  have  carried  out  coarse  materials 
upon  the  valley  floor  as  "rock-wash"  fans.  The  vegetation  of 
these  fans  depends  much  upon  the  coarseness  or  fineness  of  the 
material  of  which  they  are  composed.  In  well  disintegrated 
granite  one  of  the  rather  early  communities  to  develop  is  a  Carex 
grassland,  chiefly  a  thin  sod  of  Carex  stenopfujlla.  This  well- 
known  community  of  foothill  and  montane  parks  (5)  is  repre- 
sented especialh'  on  the  fans  derived  from  Silver  Creek  (see  fig. 
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1).  If  the  soil  is  coarse  or  has  many  rocks  a  .mixed  inceptive 
grassland  ((i)  de\'elops.  Here  a  considerable  ninnber  of  herba- 
ceous plants  appear,  the  commonest  ])ioneer  being  Artemisia 
frigida.  Other  species  of  frecjuent  occurrence  are  Koeleria  gra- 
cilis, Poa  crocata,  Agropyron  richardsonis,  Festuca  saximontana, 
Artemisia  brittonii,  Oreocarya  virgata,  Achillea  lanidosa,  GaiU 
lardia  aristata,  Opuntia  polyacantha,  and  the  shrub  Ribes  ine- 
bria7is.  The  following  quadrat  record  was  made  on  a  gravelly 
slope,  part  of  a  rock-wash  fan.  The  figures  indicate  the  percent- 
age of  ground  covered. 

Quadrat  2 

Bare  grouiul  and  rocks 85 

Artemisia  frigida 7 

.4  rlemisia  brittonii 3 

Bouteloua  gracilis 2 

Pentslemon  unilateralis 1 

Potentilla  hippiana 1 

Machaeranthera  viscosa 1 

100 

The  inceptive  grassland  here  noted  is  destined  to  become  what 
the  writer  has  called  (G)  a  derivati\'e  grassland,  in  which  there  is 
a  closer  stand  of  vegetation  with  a  larger  iiroportion  of  grasses 
and  fewer  species  of  dicotyledons.  At  a  still  later  period,  if  un- 
disturbed, this  should  gradually  develop  into  short  grass,  proba- 
bly the  Bouteloua  consociation.  The  production  of  short  grass  is 
a  slow  process  which  depends  upon  accumulation  of  humus  and 
further  disintegration  of  soil  particles. 

4.  Plants  of  rock  ridges 

So  far  as  rock  ridges  have  no  sand  at  all  they  do  not  afford 
material  for  description  in  the  present  paper.  Practically  all 
ridges  of  exposed  rock  down  toward  the  \'alley  floor  have  some 
sandy  material.  On  these  ridges  shrubs  are  abundant,  especially 
Ribes  inebrians,  Sericotheca,  and  Cercocarpus.  This  shi-ub  com- 
munity is  represented  on  both  sides  of  the  \allej',  and  is, 
indeed,  common  on  hillsides  of  the  region.  Herbaceous  plants 
are  such  as  occur  on  rock-wash  fans  and  the  coarser  parts  of 
sand-gravel  slopes. 
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III.  GENERAL  DISCUSSION 

All  of  the  plants  collected  or  recorded  in  the  present  study 
are  well-known  members  of  the  Colorado  flora;  most  of  them  occur 
elsewhere  in  the  neighborhood  of  Ceorgetown  and  are  not  en- 
tirely confined  to  sandy  soil.  Some,  however,  reach  in  tliis 
sandy  area  a  higher  altitude  than  is  usual  for  the  species  in  this 
part  of  Colorado.  Examples  are:  Eriocoma,  Bouteloua,  Dis- 
iichlis,  Pcritoma,  Rhus  irilobata,  Opuntia,  Pediocactus,  Anogra 
albicmdis,  Artemisia  briUonii.  No  doubt,  the  character  of  the 
soil  rather  than  any  local  climatic  condition  is  the  determining 
factor.  Three  of  the  plants  just  named,  viz.:  Eriocoma,  Peri- 
loma,  and  Anogra  albicmdis  may  be  characterized  as  "sand 
dwellers"  since  they  seldom  occur  abundantly  in  other  soils  at 
any  altitude. 

In  our  area  of  study,  mixtures  of  various  plant  comnumities 
occur  in  every  possible  combination  because  of  diversity  of  soils. 
For  example,  a  former  rock-wash  fan  has  recently,  i.e.,  within  a 
few  years,  been  covered  by  a  layer  of  sand,  now  about  4  dm. 
thick.  The  sand  has  been  deposited  by  succeeding  storms  proba- 
bly a  few  centimeters  at  a  time.  Some  of  the  former  plants  re- 
main, chiefly  Artemisia  frigida,  but  there  is  an  almost  equal 
amount  of  Chrysothamnus  with  some  Boideloiia.  These  are 
plants  that  belong,  in  our  area,  especially  to  sand.  The  Arte- 
misia is.  then,  a  remnant  of  a  totally  different  ecological  com- 
munity. Chrysothamnus  and  Bouteloua  belong  properly  to  the 
developing  arenicolous  flora.  Re\-erse  conditions  frequently  oc- 
cur. A  short  grass  growth  may  be  covered  completely  with  rock 
wash.  Here  a  mixed  inceptive  grassland  will  develop,  dominated 
at  first  by  Artemisia  frigida.  The  shrub  growth  all  along  the 
lower  part  of  the  canyon  walls  is  in  unusual  community  for  the 
mountains.  The  same  association,  it  is  true,  may  be  recognized 
on  isolated  sunny  slopes  here  and  there  throughout  the  region. 
Scrub  also,  as  is  well  known  (9,  10),  is  an  important  feature  of 
the  vegetation  along  parts  of  the  eastern  mountain  front ;  but  well- 
developed  and  clearly-marked  scrub  belongs  rather  to  the  Great 
Basin  and  the  Pacific  States.  One  naturally  compares  the  scrub 
at  Georgetow^n  with  the  chaparral  of  Cahfornia.     Like  the  chap- 
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arral  it  is  an  ecological  conununity  intermediate  between  forest 
and  grassland.  It  is  less  stable  and  permanent  than  either  of 
these  others.  It  readily  gives  way  to  one  or  the  other  with 
slight  differences  in  angle  of  slope  or  depth  of  soil.  In  this  part 
of  Colorado  gentle  slope  and  fine-grained  soil  fa\'or  grassland 
development;  steep  slope  and  coarse  soil  favor  coniferous  forest. 
A  belt  of  shrubs  will  continue  to  exist  along  the  base  of  the  can- 
yon wall  because  more  sandy  material  is  continually  being 
brought  dowTi  from  above  and  because  this  is  again  disturbed  by 
rain  and  wind. 

IV.  ANNOTATED  LIST  OF  SPECIES  IN  SANDY  SOIL' 

Juniperaceae,  cedar  family 

Juniperus  sibirica;  only  where  sandy  covering  is  thin  and  solid  rock  comes  close 

to  the  surface. 
Sabina  scopxdoriim;  under  same  conditions  as  juniper  but  quite  infrequent. 

Poaceae,  grass  family 

Agropyron  richardsonii;  in  coar  e  sand. 

* Agrupyron  smithii;  often  in  the  loosest,  most  sterile  sand,  a  good  sand  binder. 

*Bouteloua  gracilis;  the  tyiiical  short  grass  of  the  present  study  dominating  the 

"Bouteloua  consociation." 
Bromus  porteri;  in  sand  with  some  humus. 
*Distichlis  spicala;  dense  mats  in  pure  sand. 
Eriocovia  hymenioides;  a  typical  sand  species  seldom  found  at  such  high  altitude 

in  Colorado. 
Koeleria  gracilis;  this  widely  distributed  grass  occurs  here  in  coarse  sand  or  in 

disintegrated  granite. 
*Muhlenbergia  cuspiilala;  a  short  grass  which  develops  on  sand  having  a  moderate 

amount  of  humus. 
*Muhlenbergia  richardsonii;  a  short  grass  which  forms  dense  tufts  in  compact 

sand. 
Slipa  nelsonii;  in  coarse  sand  or  in  sand  and  gravel. 

Cyperaceae,  sedge  family 

*Carex  slenophylla;  in  coarse  sand  and  disintegrated  granite,  often  forming  thin 
sod  over  considerable  areas. 

Juncaceae,  rush  family 
Juncus  aler;  only  in  moist  areas  of  sandy  soil. 

'  Stray  plants,  evidently  not  regular  members  of  the  sand  communities,  are 
oniil  ted  from  the  list.     The  more  im|)ortant  species  are  marked  with  an  asterisk. 
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Ranunculaccae,  crowfoot  family 

Pulsalillaludoviciana;  insanely  soil  with  some  humus,  or  on  disintegrated  granites. 
Only  occasional. 

Fumariaceae,  fumitory  family 
Capnoides  aureum;  along  roads  and  trails  in  disintegrated  granite. 

Bransicaceae,  mustard  family 

Cheirinia  wheeleri;  in  coarse  sand  and  disintegrated  granite. 

*Lepidium  densiflorum;  chiefly  in  fine-grained  sand. 

Sophia  incisa;  along  roadsides,  a  plant  of  "weedy"  tendencies. 

Cappararidaceac,  caper  family 
*Periloma  serrulatum;  this  well  known  "bee  plant"  usually  in  fine-grained  sand, 

Grossulariaceae,  gooseberry  faintly 

Grossularia  inermis;  in  moister  areas  along  beds  of  intermittent  streams. 
*Ribes  inebrians;  common  shrub  in  sand  or  disintegrated  granite  among  rocks. 

Rosaceae,  rose  family 

*Cercocarpus  montanus;  found  only  as  scattered  individuals,  never  forming  pure 

stand  as  at  the  mountain  front  in  northern  Colorad). 
Dasiphora  fruticosa;  only  where  there  is  some  accumulation  of  humus. 
*Oreobatus  deliciosus;  chiefly  among  rocks  and  in  disintegrated  granite  without 

much  sand. 
*Potentilla  concinna;  belonging  to  highly  primitive  growths  in  coarse  sand. 
*Potentilla  kippiana;  represented  in  almost  all  soils  of  the  area. 
Prunus  melanocarpa;  in  moister  parts  of  draws,  especially  where  there  is  some 

humus. 
Rosa  bourgeauiana;  occasional  in  moister  areas  with  some  humus. 
*Sericotheca  dum,osa;  chiefly  among  rocks  and  in  disintegrated  granite  without 

much  sand. 

Fabaceae,  pulse  family 
Lupinus  argenteus;  on  sandy  rock-w.ash  fan-!. 

Geraniaceae,  geranium  family 
Geranium  parryi;  sparingly  present  on  most  soils. 

Euphorbiacrae,  spurge  family 

Chamaecyce  serpyllifolia;  only  on  sand. 
*Tilhymalus  robustus;  typically  on  sand. 

A  nacardiaceae,  cashew  family 

*Rhus  trilobala;  the  well-known  "skunk  bush"  of  the  mountain  front  found  here 
on  loose  sand  as  well  as  on  stable  soils. 
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Aceraceae,  maple  family 

Acer  glabrum;  this  shrub  is  occasional  along  draws. 

Cactaccae,  cactus  family 

Opunlia  polyacantim;  in  coarse  sand  or  gravel,  not  frequent. 
Pediocactus  sirnpsoni;  in  coarse  sand,  only  a  few  specimens  seen. 

Onagraceae,  evening  primrose  family 

*Anogra  albicaulis;  typical  sand  dweller. 

Anogra  coronopifolia;  chieflj-  in  coarse  sand  or  sand  and  gravel. 

Polemoniacea,  phlox  family 

Gilia  calcarea;  in  sand  that  is  somewhat  compacted  or  in  disintegrated  granite, 

never  in  loose  sand. 
Gilia  spicata;  a  plant  often  found  in  primitive  xerarch  commimities  occurring 

here  in  coarse  sand. 
Polemoninm^s\>. 

Boraginaceae,  borage  family 

Mertensia  lanceolala;  coarse  sand  or  disintegrated  granite. 

*Orpocarya  virgata;  a  common  plant  of  primitive  xerarch  growths,  rather  common 
here  in  all  soils. 

Verhcnaceae,  verbena  family 

Verhetin  bracteosn;  along  roads  and  trails  in  almost  any  kind  of  soil,  never 
abundant. 

Scrophulariaceae,  figwort  family 

Pentstemon  humilis;  in  compact  sand  or  disintegrated  granite. 

*Penlstemon  vnilateralis;  shows  a  strong  tendencj'  to  be  confined  to  pure  sand. 

Caprifoliaceae,  honeysuckle  family 

Sambucus  microbolrys;  in  moister  parts,  especially  where  there  is  some  humus. 
*Symphoricarpos  vaccinoides ;  commonest  shrub  of  loose  sand  but  also  present  to 
some  extent  indisintegrated  granite. 

Carduaccae,  thistle  family 

'Achillea  lanulosa;  scattered  throughout  except  in  pure  sand. 

Aniennaria  arida;  a  common  plant  of  primitive  growths,  present  here  in  the 
coarser  soils. 

*  Artemisia  briltonii;  a  plant  common  in  primitive  communities  in  the  lower  foot- 
hills, present  here  in  all  coar.ser  soils. 

'Artemisia  frigida;  widely  distributed  in  the  Rocky  Mountains  in  primitive  com- 
munities of  the  xerarch  succession,  present  here  in  all  soils  except  loose 
sand  but  more  comnmn  in  disintegrated  granite. 
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Aster  armeriaefolius;  seen  only  in  rather  loose  sand. 

*Chnjsopsis  viscida;  abundant  in  all  soils. 

*Chrysothamnus  linifolius;  frequent  in  pure  sand  which  is  but  slightly  coinijacted. 

Coleosanthus  unibellalus;  infrequent  in  rather  fine  grained  sand  among  rocks. 

GaiUardia  aristata;  in  coarse  sand  and  disintegrated  granite. 

Machaeranthera  aspera;  infrequent,  in  all  soils. 

Senecio  fendleri;  a  plant  common  in  primitive  growths  of  foothill  and  montane 

zones,  present  here  in  coarse  soil. 
Senecio  pudicus;  rare,  in  compact  sandy  soil. 

Senecio  sparlioides;  in  the  various  soils,  especially  where  there  is  some  humus. 
f^olidagn  glaherrima;  in  moister  situations,  sandy  soil  with  some  humus. 

V.  SUMMARY' 

The  article  presents  an  account  of  the  vej^etation  of  a  sandy 
area  in  Clear  Creek  Canyon  near  Ceorgetown,  Colorado,  in  the 
Rocky  ^lountains,  at  an  altitude  of  8500  feet.  Physiography 
and  climate  are  first  briefly  considered  and  then  the  plant  com- 
munities of  each  habitat  are  described.  Chief  attention  is  paid 
to  a  shrub  association,  developing  typically  in  loose  sand,  the  most 
characteristic  species  of  wliich  are  Sy?nphoricarpos  vaccinoides, 
Rhtis  trilobata,  Ribes  inebrians,  and  Chrysothamnus  linifolius. 
Other  plant  communities  represented  on  pure  sand  are  the  wheat- 
grass  association  and  the  short-grass  association.  Wheat  grass, 
Agropyron  smithii,  is  an  effective  sand  binder.  Brief  mention 
is  made  of  the  coarser  soils  having  only  a  moderate  amount  of 
sand  and  the  associations  de\-eloping  thereon.  There  is  some 
discussion  of  the  genetic  relationships  of  the  different  communi- 
ties. It  is  pointed  out  that  the  shrub  communities  are  to  be 
considered  as  intermediate  ecologically  between  grassland  and 
coniferous  forest,  that  well-compacted  soil  tends  to  forest  on 
steeper  slopes  and  to  grassland  on  level  ground.  A  map  of  the 
area  studied  and  two  photographs  are  used  for  illustration.  An 
annotated  list  is  given  of  64  species  of  seed  plants  oc(;urring  in 
sandy  soil  with  a  special  designation  of  those  which  are  most 
important. 
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NUTRIENT  REQUIREMENT  OF  THE  POTATO  PLANT 

EARL  S.  JOHNSTON 
Maryland  Agricultural  Experiment  Slalion,  College  Park,  Maryland 

The  importance  attached  by  investigators  to  the  nutrient 
requirements  of  plants  is  shown  by  the  increased  amount  of  work 
being  done  with  sand  and  water  cultures.  liittle  if  any  work  of 
this  natiwe  has  been  done  with  the  potato  plant.  The  behavior 
and  gr()\\ing  habits  of  the  ])otato  make  it  less  susceptible  of  this 
kind  of  study  than  such  plants  as  wheat  and  rice.  Special 
methods  must  therefore  be  devised  before  anything  like  compar- 
able results  can  be  obtained  for  this  plant.  Because  of  the  eco- 
nomic importance  of  the  potato,  preliminary  experiments  have 
been  started  for  the  puipose  of  ascertaining  methods  of  attacking 
the  problem  of  its  nutrient  requirement. 

In  problems  of  this  nature  it  is  essential  to  obtain  uniform 
plants  at  the  beginning  of  the  exi^eriment.  Differences  in  growth 
may  then  be  attributed  to  differences  in  treatment.  Individual 
hereditary  characteristics  of  course  are  alwaj^s  present,  but  of 
necessit}'^  must  be  neglected.  It  is  assumed  that  if  plants  or 
seedlings  are  exactly  alike  as  to  their  external  appearances,  their 
internal  characteristics  will  differ  less  than  those  that  are  unlike 
externally.  In  water  and  sand  culture  work  with  wheat,  uni- 
form seedlings,  sprouted  from  a  pure  strain  of  seed  can  be  se- 
lected with  comparative  ease.  With  the  potato  the  problem  of 
selecting  uniform  plants  is  exceedingly  difficult.  This  problem  is 
further  complicated  by  the  presence  of  the  tuber  on  which  the 
plant  grows. 

An  attempt  was  made  to  secure  uniform  potato  plants  by 
growing  cuttings  from  the  stems  of  old  vines.  This  method 
proved  imsatisfactory  as  most  of  the  cuttings  produced  small 
tubers  rather  than  roots  and  leaves.  Figure  1  illustrates  cut- 
tings from  Irish  Cobbler  stems.     The  tendency   toward   tuber 
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foruiatiou  was  found  to  be  greater  in  the  Cobbler  than  in  the 
]\IcCormick. 

It  is  not  difficult  to  select  fairly  uniform  sprouts  from  a  large 
number  of  tubers  and  the  possibility  of  using  these  sprouts  when 
cut  from  their  tubers  suggested  itself  as  a  means  of  securing  uni- 
form plants.  Two  sets  of  sprouts  with  well  developed  roots  were 
taken  from  similar  seed  pieces  and  planted  in  glazed  pots  con- 
taining good  garden  soil.  Each  set  of  three  plants  was  watered 
by   means   of   three   Livingston   auto-irrigators.'     In   one   set, 


Fig.  1.    Small  tubers  growing  on  cvittings  from  potato  vines. 

sprouts  were  used  whose  leaf  buds  had  just  begim  to  grow,  while 
in  the  other,  sprouts  with  four  or  five  leaves  each  approximating  a 
scjuare  centimeter  in  area  were  employed. 

The  sprouts  were  planted  on  October  17,  1918,  and  by  the 
following  February  the  plants  had  grown  to  maturity  and  died. 

•  Livingston,  B.  E.,  A  method  of  contmlliiii;  iilaiil  moisture.  Plant  World 
11:39  40.     1908. 

Hawkins,  Lon  A.,  The  porous  day  cup  for  the  aulomatie  watering  of  i)lants. 
Plant  World  13:  220-227.     1910. 

Living.ston,  B.  E.,  and  Lon  A.  Hawkins,  The  water  relation  between  plant  and 
soil.     Carnegie  Inst.  Wash.  Pub.  204:5  48.     1915. 
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All  \hv  plants  were  very  much  uiitler  size  and  the  new  tubers 
that  had  formed  were  small.  The  difference  in  growth  of  tops 
is  clearly  seen  in  figure  2.  The  set  of  less  developed  plants 
foiincd  seven  tubers  averaging  4.7  grams  each,  while  the  set  of 
the  more  developed  ones  formed  six  tubers  averaging  8  grams. 
The  growth  of  these  plants  seemed  directly  related  to  the  devel- 
opmental stage  of  the  sprouts  at  the  time  they  were  separated 
from  their  tubers.     A]i]i!(>man-  has  shown  that  the  vigor  and  sub- 


Fig.  2.  Differences  in  vigor  and  growth  of  potato  plants  when  grown  from 
sprouts  separated  from  their  tubers  at  different  stages  of  maturity. 

sequent  development  of  a  potato  sprout  is  greatly  influenced  l)y 
the  size  of  the  seed  piece.  Sprouts  on  seed  pieces  weighing  less 
than  1.5  ounces  are  usually  weak  and  tend  to  develop  into  weak 
plants.  The  smaller  the  seed  piece  the  greater  this  tendencj^ 
becomes.  The  facts  found  by  Appleman  indicate  the  presence 
in  the  old  seed  piece  of  some  growth-promoting  substance  that  is 
needed  by  the  growing  sprout  for  its  normal  development. 

-  Ai)pleman,  C.  O.,  Physiological  basis  for  the  preparation  of  potatoes  for  seed. 
Md.  Agric.  Exper.  Sta.  Bull.  212.  1918.  Special  growth-promoting  substances 
and  correlation.     Science  n.s.  48:  319-320.     lOlS. 
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In  plant  nutritional  studies  the  more  definite  the  culture 
medium  can  be  described  the  greater  is  the  possibility  of  a  true 
interpretation  of  results.  A  nutrient  solution  is  more  easily  and 
definitely  described  than  either  a  soil  or  sand  niedimn.  A  solu- 
tion is  therefore  more  nearly  an  ideal  medium.  A  sprout  from 
an  Irish  Cobbler  tuber,  taken  at  the  stage  where  its  leaves  had 
begun  to  develop,  was  placed  in  a  paraffined  cork  stopper  and 
its  roots  immersed  in  a  nutrient  solution.  The  plant  grew  for 
about  two  months,  but  never  attained  anything  like  normal  size. 
In  the  saturated  air  space  between  the  bottom  of  the  cork  stop- 
per and  the  surface  of  the  solution  several  tubers  developed. 
Figure  3  illustrates  the  appearance  of  this  plant  shortly  beiore 
the  end  of  the  experiment.  The  aerial  portion  of  the  plant  did 
not  differ  materially  from  those  planted  in  the  pots  of  garden  soil 
(fig.  2). 

Although  the  results  of  these  two  experiments  were  far  from 
satisfactory  in  finding  a  method  for  successfully  studying  the 
nutrient  requirements  of  the  potato  it  was  thought  \\orth  while 
to  continue  the  work  still  further  along  this  same  line.'  Potato 
sprouts,  after  being  separated  from  their  tubers,  were  grown  in  a 
series  of  nutrient  solutions.  Six  three-salt  solutions  were  se- 
lected from  those  being  employed  by  cooperators  with  the  Na- 
tional Research  Council  in  the  salt  nutrient  studies  of  plants. 
About  ()0  McCormick  jjotatcj  tubers  of  approximately  the  same 
size  and  with  their  first  sprouts  of  uniform  appearance  and  about 
1.5  cm.  long  were  selected  from  several  hundred  stored  in  a 
vault.  These  tubers  were  planted  in  moist  sawdust  in  the  open 
on  ^May  16,  1919.  On  .Tune  5,  sprouts  of  approximately  10  cm. 
in  length  with  well  developed  roots  and  with  leaves  started,  were 
separated  from  their  tubers.  The  roots  were  washed  in  tap 
water,  then  soaked  in  distilled  water  for  about  fifteen  hours, 
after  which  they  were  weighed  and  set  in  the  cork  stoppers  of 
solution  jars.  Each  culture  comprised  a  single  plant,  suitably 
supported  in  a  quart  glass  jar  filled  with  a  nutrient  solution. 
Most  of  the  light  was  excluded  from  the  roots  by  wrapping  the 

^  .Skinner,  J.  J.,  Water  culture  method  for  experimenting  with  potatoes.  Plant 
World  U :  219-25-1.    190S. 
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jars  with  ojiaque  paper.     The  cultures  were  run  in  triplicate  and 
tlic  solutions  renewed  every  ten  days.     The  plants  were  sealed 


£SV. 


Fig.  3.    .V  |K(talu  jiluiil  gio..ii  from  a  sprout  in  water  culture,  showing  tlie 
formation  of  new  tuber.s. 

in  the  stoppers  so  as  to  prevent  the  entrance  of  rain  for  the 
experiment  was  carried  out  in  the  open  because  of  the  extreme 
heat  in  the  greenhouse  at  this  season  of  the  year. 
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The  solutions  omployed  had  an  osmotic  pressure  of  one  atmos- 
phere and  contained  the  following  salts;  monobasic  potassium 
phosphate,  calcium  nitrate  and  magnesium  sulphate.  In  the 
triangular  arrangement  of  the  twenty-one  culture  solutions  chosen 
by  the  Committee  on  Salt  Nutrition  of  Plants^  the  three  at  the 
apices  of  the  outer  triangle  and  the  three  at  the  apices  of  an 
inner  triangle  were  the  ones  used  in  this  work.  These  culture 
solutions  are  designated  as  RlSl,  R1S6,  R2S2,  R2S4,  R4S2  and 
R6S1  of  tjTie  I  and  their  positions  are  shown  in  the  diagram  of 
figure  4. 


KHzPO. 
Fig.  1.    Posi(i(in  of  six  selected  solutidiis  on  triangle  of  21  solutions. 

The  cultures  were  contimied  for  thirty  days  after  whicli  the 
green  and  dry  weights  were  determined.  The  green  weights 
were  also  determined  at  the  time  the  plants  were  placed  in  the 
solutions.  At  the  end  of  the  second  and  third  ten-day  periods 
transpiration  measurements  were  obtained.  The  results  of  this 
experiment  are  given  in  tabular  form  in  table  1.  .\verages  of 
three  jilants  are  considered  exce]it  wlioi-e  otherwise  indicated  by 
small  superscri])t  figures. 

'  See  '  'Salt  requirements  of  representative  agricultural  plants."  Science  n.s. 
49:  143.  1919.  See  also  the  specially  prepared  plans  obtained  from  the  chairman 
of  Committee  on  Salt  Requirements  of  Plants,  Laboratory  of  Plant  Physiology, 
The  .Johns  Hoi)kins  University,  Baltimore. 
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The  size  of  the  plants  was  far  l>el(i\v  normal  and  their  color, 
in  general,  was  a  light  green  or  yellow.  At  the  end  of  the  experi- 
ment the  roots  were  much  discolored  and  in  several  cases  had 
rotted  off.  It  is  evident  that  normal  healthy  plants  can  not  be 
grown  by  this  method.  There  was,  however,  some  growth  as  is 
shown  by  the  increase  in  green  weight.  Three  sprouts  similar 
in  size  and  appearance  to  those  placed  in  the  solutions  were  dried 
and  weighed  at  the  beginning  of  the  experiment.  Their  dry 
wciglits  were  0.5G,  0.()4  and  0.62  gi'am,  giving  an  average  of  0.61 


SOLUTION 

PROPORTIONAI,  PART  OF  TOTAL 

ATEBAQG 

PERCENTAGE 

INCREASE  IN 

OREEN 

AVERAGE 

TRANSPIRATION  FOR 

K 

Ca 

Mg 

Second  10- 
day  period 

Third  10-day 
period 

grams 

grams 

grams 

RlSl 

1 

1 

6 

37 

1.27 

41.0 

93.9 

R1S6 

1 

0 

1 

80* 

1.35* 

69.0* 

163.2* 

R2.S2 

2 

2 

4 

68 

1.29 

61.1 

147.0 

R2S4 

2 

4 

2 

75* 

1.45* 

62.2* 

146.7* 

R4S2 

4 

2 

9 

49 1 

0.90t 

57. 6t 

97. 4t 

R6S1 

6 

1 

1 

41 

0.97 

46.3 

100.5 

*  Two  plants  in  average, 
t  One  plant  in  average. 

gram.  When  the  dry  weights  as  given  in  the  table  are  compared 
with  this  average  initial  dry  weight  there  is  further  evidence  of 
growth.  The  plants  of  the  cultures  R1S6  and  R2S4,  where  the 
total  osmotic  pressure  is  mostly  due  to  calcium  nitrate,  seem  to 
have  grown  best  as  indicated  bj'  percentages  of  increase  in  green 
weight  and  by  their  greatest  total  dry  weights.  These  plants 
also  usually  transpired  more  than  the  others.  Three  plants 
grown  in  distilled  water  died  before  the  end  of  the  period. 


CONCLUSIONS 

The  growing  of  cuttings  from  potato  vines  was  an  unsatisfac- 
tory method  of  obtaining  uniform  potato  plants. 

Normal  potato  plants  were  not  produced  either  in  good  gar- 
den soil  or  in  nutrient  solutions  from  sprouts  separated  at  an 
early  developmental  stage  from  their  tubers. 
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The  roots  of  potato  sprouts  showed  a  marked  tendency  to  rot 
when  ffrown  in  nutrient  sohitions. 

Best  growth  was  obtained  from  plants  grown  in  a  three-salt 
solution  where  most  of  the  osmotic  pressure  was  due  to  calcium 
nitrate. 

Plants  of  the  Irish  Cobbler  variety  showed  a  greater  tendency 
to  form  new  tubers  than  those  of  the  jMcCormick  variety. 


ROOT  CONTRACTION 

MARGARET  B.  CHURCH 

Brown   University,   Providence,   Rhode  Island 

The  first  reference  in  the  Hterature  to  root  contraction  accord- 
ing to  Hugo  de  Vries'  is  that  of  Tittmann^  in  Flora  for  1819. 
Under  "Wurzelbildung"  Tittmann  describes  contraction  of  the 
roots  in  Daucus  Carota: 

Dor  Stengel  wird  dicker  und  kiirzer,  zieht  sich  gleiclisani  in  die 
Erde  hinein  odcr  wird  von  derselbcn  angozogen  und  man  findet  dann 
nach  cinigcr  Zeit  die  langen  Saamenblattor  diclit  auf  der  Erde  ausge- 
brcitet.  Untersucht  man  in  dieser  Periode  die  Wurzel,  so  hat  sich  die 
Granze  zwischen  ilir  und  dem  Stengel,  der  sich  mm  auch  in  der  Erde 
befindet,  ganz  verloren  und  ausgeglichen. 

De  Vries^  himself  worked  principally  with  dicotyledons,  ex- 
perimenting with  eighteen  species  of  plants.  He  studied  the  ef- 
fect of  exposure  to  air,  to  water  and  to  salt  solutions  on  strips, 
separate  pieces  of  definite  tissue,  and  single  cells  of  roots.  He 
measured  changes  in  length,  width,  and  volume  of  tissues  and 
cells.  He  considered  roots  from  plants  still  bearing  succulent 
cotyledons  to  those  two  years  of  age.  He  studied  young  roots 
and  roots  two  years  old.  Each  experiment  is  considered  in  itself 
and  in  the  light  of  previous  experiments,  until  at  last  de  Vries 
concludes  that  root  contraction  is  not  due  to  intake  of  water  but 
to  changes  in  turgor,  and  remarks  in  addition  that  the  thoughtful 
reader  will  ask  '  'duix-h  welche  Ursachen  die  ungleiche  Dehn- 
barkeit  der  Zellhiiute  selbst  bedingt  wird." 

'  Vries,  H.  dc.  Ucbcr  die  Kontraction  der  Wurzeln.  Landw.  Jahrb.  9:  37. 
5  figs.     1880. 

'Tittmann,  D.  J.  A.  Botanisch-karpologischc  Bemerkungen.  Flora  2:  051. 
1  19. 
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Rimbach  discusses  root  contraction  as  it  occurs  in  Colchicmn 
autiwinaJe,^  Aru7n  maculatitm,*  and  AUiiim  iirsinum.^  He  found 
that  in  the  esse  of  naturally  deep-set  bulbs  of  Allium  ursinum 
a  depth  of  10  to  15  cm.  was  attained  after  several  years  by  the 
contraction  of  the  roots.  In  the  explanation  as  to  how  contrac- 
tion in  roots  conies  about  he  states  that,  while  the  root  tip  holds 
firmly  to  the  earth  particles,  the  endodermal  cells  contract  longi- 
tudinally as  a  result  of  a  tendency  to  lengthen  radially  and  tan- 
gentially,  which  results  in  the  contraction  of  the  root.  The  bulb 
yields  to  this  pull,  which  results  in  the  contraction  of  the  roots, 
and  is  gradually  placed  more  deeply  in  the  ground  with  each  new 
set  of  roots.  Even  the  upward  development  of  the  shoot,  where 
each  successive  scale  is  formed  at  a  slightly  higher  level,  does 
not  counteract  entirely  this  downward  movement  of  the  bulb. 
Therefore  the  bulb  is  continually  placed  more  deeply  in  the  soil. 

In  Arum  ynaculntum,  Rimbach^  explains,  the  active  portion  of 
the  root  consists  of  the  cells  directly  below  the  epidermis  and  the 
"hypodermal  layers."  These  cells  shorten  in  their  length  as 
much  as  one  half  and  their  radial  walls  lengthen  somewhat.  The 
vascular  bundles  and  their  accompanying  cells  are  not  active. 
However,  the  latter  respond  sufficiently  to  the  vertical  pressure 
caused  by  the  shortening  of  the  parenchymatous  cells  just  out- 
side them  to  show  regular  wrinklings  along  their  walls,  and  the 
tracheal  tubes  themselves  shorten  between  the  rings. 

Rimbach's  careful  observations  and  well  chosen  biological  ex- 
periments are  not  supported  by  his  theoretical  conclusions.  Be- 
cause he  has  accurately  noted  that  endodermal  cells  lengthen 
radially,  he  proceeds  to  state  that  they  shorten  longitudinally  and 
therefore  the  whole  root  contracts  with  the  result  that  the  bulb 
is  set  more  deeply  into  the  ground.  All  other  tissues  are  passive, 
yet  they  must  Iw  shortened  in  the  shortening  of  the  whole  root. 
Without  sufficient  morjihological  jiroof  Rimbach  claims  that  the 

'  Kimljach,  .>\.  Biologische  Bcobaclitungcn  an  Colckicum  autumnalc.  Mot. 
(leuts.  hot.  Ges.  16:  298.     PI.  12.     1897. 

'Rimbach,  A.  Ueber  die  Lebcnsvcrhiiltnisse  des /Irum  ?nar!(?«(!(m.  Ibid.  15: 
178.     PI.  5.     1897. 

'  Rimbach,  A.  Leben8ver!iiiltnis.se  des  ./IWj'um  Mrsi/mm.  Ibid.  16:  248.  PI.  8. 
1S97. 
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outer  or  cork  cells  arc  crushod  and  killed,  and  the  vascular  cells 
are  thickened.  The  outer  cells  are  crushed  doubtless,  hut  do 
they  die  first,  are  they  killed  by  the  crushing?  His  further  con- 
clusion that  the  vascular  cells  thicken  may  be  true,  but  where  is 
his  proof?  To  return  to  the  active  or  endodermal  cells  how 
can  we  accept  the  statement  that  because  a  cell  lengthens  in  one 
direction  therefore  it  must  necessarily  shorten  in  another?  Vol- 
ume being  constant  and  cell  wall  comjiosition  and  tension  being 
similar  at  every  point  this  would  ix'  true.  Hut  Itiniliacli  did  not 
investigate  these  poiiits. 


k-cLad  tc56ue-3 


Fig.  1.  Section  of  root  of  Coopcria  DnimmnnrlH.     The  scale  is  equ.al  to  0.1  mm. 

Rimbach  states  that  ripples  may  be  seen  on  the  root  surface 
even  to  the  root-ends  with  the  naked  eye.  Microscopic  slides 
have  proven  to  the  writer  that  the  process  of  root  contraction 
is  well  under  way  in  a  five-day-old  seedling  of  Cooperia  Drum- 
mondii  at  points  not  visible  to  the  naked  eye.  The  ripples  in  in- 
dividual cells  in  the  case  of  C.  Drummondii  are  not  confined  to 
radially  placed  cell  walls  as  Rimbach  finds  them  to  be  in  the 
species  which  he  investigated.  On  the  contrary  they  may  be 
found  on  walls  running  in  any  direction.  In  some  stages  they 
are  so  fine  as  to  be  distinguishable  only  with  the  oil  immersion 
objective,  but  always  numerous  cells  with  rippled  walls  may 
with  care  be  detected  in  the  parenchyma  cells  of  the  root  with 
a  combination  of  10  ocular  and  8  objective. 
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The  warped  and  altogether  disorganized  condition  of  the  epi- 
dermis and  "hypodermal"  layers  in  the  contracted  roots  of 
Cooperia  Drummondii  may  be  comprehended  by  study  of  the 
tissues  represented  by  the  blackened  areas  in  the  figure,  section  1. 

It  seems  safe  to  accept  these  facts:  (1)  roots  do  shorten;  (2) 
the  parenchymatous  tissues  of  the  root  are  the  seat  of  activity; 
(3)  the  cork  and  the  vascular  trace  are  passive;  (4)  the  cork  is 
ultimately  crushed;  (5)  there  is  a  region  where  one  can  see  wrink- 
lings and  measure  shortening,  a  second  region  where  no  wrink- 
lings are  visible  yet  one  can  measure  shortening,  and  an  un- 
changed region  (Rimbach) ;  (6)  in  dicotyledons  the  trace  becomes 
visibly  curved  inward  and  outward  in  a  wavy  fashion,  while  in 
monocotyledons  the  vascular  bundles  remain  practically  straight 
(de  Vries). 

What  remains  to  be  determined  in  regard  to  root  contraction 
constitutes  a  problem  of  botanical  research  as  yet  unsolved. 
We  may  hope  that  some  worker  with  an  interest  in  morphology 
as  well  as  physiology  may  master  this  jiroblem  by  a  study  of 
serial  sections  of  young  roots  and  a  consideration  of  the  physical 
relations  of  turgor  and  biochemical  alterations  in  the  protoplast 
and  cell  membrane. 
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Fossil  Pl.\.nts. — The  fourth  and  coiichuling  vokiiiie  of  the  Cam- 
bridge text  on  fossil  plants,  is  devoted  to  a  consideration  of  the  Gink- 
goales,  Coniferales  and  Gnctales.'  The  final  proofs  were  passed  in  the 
Spring  of  1918  but  the  printing  was  lusld  up  because  of  war  conditions 
so  that  a  number  of  recent  contributions  could  not  be  considered.  The 
method  of  treatment  in  the  present  volume  is  consistent  with  that  of 
the  preceding  volumes  and  the  same  lack  of  balanced  treatment  is 
shown  in  the  present  work.  To  cite  but  a  single  instance  of  this,  six 
lines  are  devoted  to  the  remains  of  Ginkgo  from  North  America  although 
Ginkgo  is  exceedingly  well  represented  in  the  Mesozoic  and  early  Ecoene 
on  this  continent. 

As  regards  the  subject  matter,  a  chapter  is  devoted  to  the  Ginkgo- 
ales,  recent  and  fossil.  The  second  chapter  considers  Ginkgoidium, 
Czckanowskia,  Feildenia,  P)ioenicopsis  and  DesmophyUum, — genera  that 
are  believed  to  belong  to  the  Ginkgoales.  The  third  chapter  includes 
supposed  Ginkgoalean  genera  of  still  more  doubtful  allegiance.  The 
nine  following  chapters  are  devoted  to  the  Coniferales.  There  is  a 
rather  full  and  excellent  account  of  recent  Conifers.  These  are  grouped 
in  the  following  nine  families:  Araucarineac,  Cupressineae,  Callitrineae, 
Sequoiineae,  Sciadopitineae,  Abietineac,  Podocarpineae,  Phylloclad- 
ineac  and  Taxineae.  They  are  considered  as  probably  monophyletic, 
the  Araucarineae  being  regarded  as  the  most  ancient  and  the  Abie- 
tineac as  the  most  modern.  There  are  some  illuminating  discussions 
of  vascular  anatomj',  and  the  view  is  expressed  that  the  cone  scales  in 
the  Araucarineae  are  morphologically  simple  ovuliferous  leaves,  the 
double  cone  scales  of  the  Abietineae  being  derivatives  of  a  simple  form 
of  sporophyll.  Mesembrioxylon  is  proposed  for  the  fossil  woods  for- 
merly referred  to  Podocnrpoxylon  and  Phyllocladoxylon.  The  final  chap- 
ter is  devoted  to  the  Gnctales  and  is  without  noteworthy  features. 

Opinion  will  differ  as  to  the  necessity  or  desirability  for  some  of 
the  new  generic  terms  that  are  proposed,  e.g.,  Ginkgoites  for  Ginkgo 
leaves,  on  the  ground  that  even  in  the  Tertiary  forms  the  confirmatory 

'  Seward,  A.  C.  Fossil  Plants.  Vol.  IV.  Cambridge  University  Press  (New 
York,  G.  P.  Putnam's  Sons)  1919. 
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evidence  of  flowers  and  fruits  is  lacking:  Cupressinodadus  for  vegeta- 
tive shoots  of  conifers  of  a  cupressoid  habit:  and  Pityites  for  abietineous 
fossils  of  uncertain  generic  relationship.  There  is  but  slight  profit  in 
compounding  confusion  and  although  a  conservative  attitude  is  war- 
ranted in  dealing  with  the  vegetative  remains  of  conifers  there  is  but 
slight  evidence  in  the  more  recent  history  of  the  study  of  fossil  conifers 
to  show  that  stem  anatomy  or  strobilar  morphology  furnish  any  easier 
read  or  more  definite  criteria  than  vegetative  habit,  and  from  the  nature 
of  the  remains  we  cannot  hope  to  have  all  of  the  criteria  in  individual 
cases.  Even  the  older  students  in  dealing  with  foliar  impressions  were 
not  guilty  of  more  pretentious  absurdities  than  have  been  put  forward 
imder  the  banner  of  anatomy  during  the  past  decade. 

The  present  volume  contains  190  illustrations,  which  on  the  whole 
appear  rather  uniformly  better  than  those  of  volume  III  although  it  is 
difficult  for  the  reviewer  to  understand  why  paper  and  presswork  were 
wasted  on  such  illustrations  as  that  forming  the  frontispiece  of  the 
present  volume.  The  bibliography,  which  has  a  certain  air  of  com- 
pleteness, really  contains  not  more  than  about  twenty  percent  of  the 
literature,  but  perhaps  this  should  not  be  criticised  since  it  avowedly 
contains  only  "papers  and  works  referred  to  in  the  text." 

On  the  whole  it  seems  to  the  reviewer  that  Professor  Seward  has 
performed  a  difficult  task  about  as  well  as  could  be  expected,  and  de- 
spite their  obvious  shortcomings,  which  have  been  freely  criticised, 
these  four  volumes  are  a  mine  of  information  for  the  student  interested 
in  the  floras  of  the  past.— Edward  W.  Berry. 

Ecology  of  Roots.— The  importance  of  the  distribution  of  root 
systems  has  long  been  appreciated,  and  ccologists  have  realized  that 
the  subterranean  organs  of  plants  are  quite  as  unportant  as  the  aerial 
parts  in  determining  the  relation  between  the  plant  and  its  environ- 
ment and  between  associated  plants.  The  study  of  root  systems  has 
been  delayed,  however,  by  reason  of  the  active  exercise  which  must 
precede  even  the  simplest  observations  of  their  extent  and  character. 
A  few  important  pieces  of  work  have  been  done  in  recent  years,  to 
which  Weaver  has  just  added  a  notable  contribution.'  An  investiga- 
tion extending  over  several  years  has  resulted  in  the  examination  of 
1150  individual  root  systems  in  eight  plant  conununities  in  Nebraska, 
Wasliington,  and  Colorado.     The  distinctive  root  habits  of  140  species 

'Weaver,  John  E.  The  Ecological  Relatioii.s  of  Roots,  ('arncgic  Iii.st. 
Wash.  Pubn.  286.     Pp.  128,  figs.  58,  pis.  30.     191'J. 
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of  trei-s,  .shrubs,  grasses  and  otlu-r  lu'ihaccoiis  plants  were  dctcrniinocl. 
Rainfall,  soil  moisture,  evaporation,  and  wind  were  measured  in  each 
of  the  eonimunitics.  It  was  found  in  several  cases  that  the  type  of  root 
system  in  a  given  species  is  determined  by  tlie  character  of  the  environ- 
mental conditions  and  the  nature  of  the  soil,  although  there  are  other 
cases  in  which  the  type  is  specific  and  relatively  constant.  A  great 
deal  of  light  has  been  thrown  by  Weaver's  work  on  the  layering  of  root 
systems  and  the  "competition"  between  roots  of  different  plants  in 
the  same  soil  level. 

In  the  prairies  of  ea.stern  Nebraska  more  than  half  the  species  exam- 
ined penetrate  beyond  5  feet  (including  Panicum  virgalum,  Andropogon 
furcatus,  A.  scoparius,  and  A.  nutans)  ancj  many  to  7  and  9  feet.  Al- 
though there  are  20  inches  of  rain  in  the  growing  season  in  this  region 
it  was  found  that  there  arc  times  in  that  season  when  there  is  no  avail- 
able soil  moisture  down  to  a  depth  of  r>  feet.  It  is  in  this  soil  that  layer- 
ing was  found  most  common.  In  the  prairies  of  southeastern  Wash- 
ington more  superficial  root  systems  prevail,  in  correlation  with  a  lower 
rainfall  and  earlier  seasonal  development.  In  the  so-called  chapj) uai 
of  southeastern  Nebraska  some  very  deep-seated  roots  were  found, ^ 
Rosa  arkansana  reaching  21  feet.  On  the  plains  near  Colorado  Springs 
the  roots  of  many  characteristic  species,  including  the  grasses,  are 
found  chiefly  between  2  and  5  feet,  although  more  than  half  of  the  28 
forms  examined  penetrate  beyond  5  feet  and  down  to  10  to  13  feet. 
The  lateral  spread  of  the  roots  is  greater  here  than  in  the  prairies.  In 
the  Rocky  Mountains,  near  Colorado  Springs,  work  was  carried  on  in 
the  open  vegetation  of  the  gravel  slides,  the  more  nearly  closed  half 
gravel  slides,  and  the  forest.  The  first  of  these  habitats  is  character- 
ized by  shallow  soil  and  superficial  root  systems,  with  no  competition; 
the  second  by  both  shallow  and  deep  systems  down  to  4  feet,  with  all 
the  soil  exploited  by  roots  at  3  feet.  In  the  forest  the  roots  of  trees, 
shrubs,  and  herbs  are  found  mainly  in  the  first  18  inches.  Determina- 
tions from  June  to  Augu.st  showed  a  decrease  of  soil  moisture  with  in- 
creasing depth,  down  to  3  feet. 

Many  characteristic  root  systems  are  illustrated,  and  a  series  of 
colored  plates  is  used  to  map  the  distribution  of  the  roots  of  associated 
species,  as  seen  in  a  vertical  section  of  the  soil.  The  publication  as  a 
whole  forms  a  very  substantial  c(jntribution  to  an  important  and 
neglected  field  of  work. — Fokkest  Sukeve. 


NOTES  AND  COMMENT 

Professor  F.  0.  Bower  has  contributed  to  the  Macmillan  Company's 
Men  of  Science  series  a  short  life  of  Joseph  Dalton  Hooker.  The  book 
is  of  particular  interest  in  its  portrayal  of  the  intimate  relations  be- 
tween Hooker  and  Darwin,  and  is  calculated  to  make  us  realise  that 
the  older  taxonomists  contributed  more  to  the  advancement  of  general 
biological  principles  than  we  of  the  present  generation  are  apt  to  credit 
them  with  doing. 

The  activity  of  the  botanists  of  Switzerland  in  investigating  the 
vegetation  of  their  highly  diversified  country  is  indicated  by  the  ap- 
pearance of  the  seventh  contribution  published  under  the  auspices  of 
the  Phj'togeographical  Commission  of  the  Swiss  Natural  History  So- 
ciety. This  is  a  description,  by  Dr.  August  Roth,  of  the  vegetation  in 
the  vicinity  of  the  Walensee,  in  the  cantons  of  Glarus  and  St.  Gall. 
The  distributional  map  which  accompanies  the  paper  is  one  of  those 
splendid  pieces  of  work  that  it  is  to  be  hoped  American  printers  and 
publishers  can  one  day  learn  to  match. 
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THE  GEOLOGICAL  HISTORY  OF  THE  SW^ET  GUM 
AND  WITCH  HAZEL 

EDWARD  W.  BERRY 

Johns  Hopkins  University,  Baltimore,  Maryland 

No  part  of  the  Temperate  Zone  can  compare  with  southeastern 
North  America  in  the  briUiancy  of  autumnal  foHar  display  and  a 
considerable  part  of  this  is  due  to  the  sweet  gum,  whose  leaves 
assume  a  variety  of  shades  ranging  from  rich  yellow  through 
carmine  to  wine  red. 

The  sweet  gum  belongs  to  a  family,  often  called  the  Witch 
Hazel  family  (Hamamelidaceae),  whose  present  geographical  dis- 
tribution is  of  remarkable  interest.  The  family  comprises  nine- 
teen genera  in  all  and  about  fifty  living  species,  and  no  less  than 
nine  of  these  genera  are  monotypic,  that  is  to  say,  they  are  each 
represented  by  but  a  single  existing  species. 

^Monotypic  genera  are  either  geologically  old  or  else  very  mod- 
ern, that  is,  their  single  species  may  have  been  recently  evolved 
or  it  may  represent  the  last  remaining  descendant  of  a  long  and 
now  extinct  line,  and  it  is  usually  possible  to  get  some  idea  as  to 
which  of  these  categories  we  are  dealing  with  by  a  consideration 
of  the  present  geographical  distribution  of  the  different  members 
of  a  plant  family.  In  the  case  of  this  family  twelve  of  the  nine- 
teen genera  are  confined  to  Asia,  one  is  prevailingly  Australian, 
three  are  African  and  three  are  confined  to  Asia  and  southeastern 
North  America. 

Both  the  sweet  gum  and  the  witch  hazel  belong  to  this  last 
category,  their  present  range  being  shown  approximately  on  the 
accompanying  sketch  map  (fig.  1).  It  is  obvious  that  a  distri- 
bution such  as  this  indicates  that  the  family  to  which  they  be- 
long had  an  extended  geological  historj'  and  that  the  particular 
genera  once  flourished  in  regions  that  connect  the  present  discon- 
tinuous occurrences.     The  only  alternative  is  to  suppose  that  the 
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present  disconnected  areas  of  distribution  represent  special  cre- 
ations— which  is  absurd,  or  to  suppose  that  the  same  genus  orig- 
inated independently  on  different  continents,  which  is  almost 
equally  absurd.  The  details  of  the  geological  history  of  the 
Witch  Hazel  family  are  for  the  most  part  unknown  because  of  the 
imperfection  of  the  geological  record. 


rig.  1.  Sketch  map  showing  the  existing  limits  of  distribution  of  the  sweet 
gum  and  witch  hazel  with  the  Tertiary  occurrences  of  the  sweet  gum  indicated  by 
solid  black  circles. 

Although  the  modern  sweet  gum  rivals  the  red  maple  or  the  dog- 
wood in  the  brilliancy  of  the  autunmal  tints  of  its  star-shaped 
leaves,  it  was  considered  practically  worthless  as  a  wood  until 
within  the  past  few  years,  owing  chiefly  to  its  tendency  to  warp 
and  twist.  It  was  formerly  left  standing  in  logging  operations 
and  when  land  was  cleared  for  agricultural  purposes,  the  sweet 
gum  was  girdled  and  left  to  rot.  Ikit  times  and  opinions  change 
and  the  demaTid  for  the  wood  has  increased  rapidly  since  about  the 
year  1000. 
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Not  only  does  the  heart  wood  make  a  most  attractive  interior 
finish,  especially  for  panels,  doors  and  woodwork  in  its  natural 
color — abroad  it  is  often  called  satin  walnut — but  it  takes  stain 
so  well  that  it  is  often  made  into  mahogany,  oak  and  walnut 
furniture.  Sapwood  and  the  common  grades  go  into  boxes, 
cheap  furniture,  flooring,  staves,  etc.  There  is  a  large  export 
trade  in  the  heartwood,  possibly  as  much  as  50%  of  the  supply 
going  to  England,  France  and  Germany,  where  its  beauty  for  in- 
terior finishing  was  recognized  earlier  than  it  was  in  this  country. 

The  sweet  gum  occasionally  grows  to  a  height  of  150  feet  and 
a  diameter  of  5  feet.  Such  dimensions  are,  however,  unusual 
and  the  average  diameter  of  large  trees  is  perhaps  30  to  36  inches, 
indicating  a  normal  age  of  from  150  to  350  years,  the  size  being 
dependent  on  the  habitat.  The  trees  of  the  rich  bottoms  of  the 
south  Atlantic  coastal  plain  grow  much  faster  than  those  of  the 
lower  Ohio  valley.  The  stem  is  straight  and  columnar  and  until 
the  height  growth  is  attained  the  high  trunk  and  conical  crow'n 
make  it  resemble  a  conifer.  After  reaching  its  height  growth  it 
branches  freely  and  the  crown  becomes  rounded  and  spreading. 
Its  deeply  furrowed  bark  and  cork  winged  twigs  are  familiar  to 
every  explorer  of  swamps  in  our  southern  states. 

The  earliest  popular  name,  sweet  gum,  doubtless  originated 
from  the  local  use  for  chewing  of  the  sweetish  gum  obtained  from 
the  tree.  The  later  name,  red  gum,  refers  to  the  reddish  brown 
color  of  the  heartwood  and  its  use  has  become  increasingly  com- 
mon since  the  decorative  qualities  and  commercial  possibilities 
of  the  wood  have  come  to  be  appreciated.  It  inight  be  stated 
parenthetically  that  the  red  gum  is  not  related  to  the  black,  cot- 
ton and  tupelo  gums  so  common  in  similar  situations  throughout 
the  southeastern  United  States,  which  belong  to  the  genus  Nyssa 
and  are  related  to  the  dogwood. 

The  red  gum  belongs  to  the  genus  Liquidambar ,  a  name  derived 
from  the  latin  for  amber  colored  gum  in  allusion  to  the  balsamic 
exudation  or  gum  which  it  yields.  The  tree  is  a  native  from 
southwestern  Connecticut  to  southeastern  Missouri  and  south- 
ward to  peninsular  Florida  and  eastern  Texas.  It  reappears  in  a 
closely  related  form  known  as  the  v&r'miymexicana  in  the  uplands 
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of  central  and  southern  Mexico  and  the  highlands  of  Guatemala. 
While  its  range  is  extensive  and  its  habitat  varied  it  reaches  the 
largest  size  and  commercial  possibilities  in  the  rich  bottom  lands 
of  mixed  hardwoods  in  the  maritime  districts  or  coastal  plain  of 
our  southern  states  from  the  valley  of  the  Great  Pedee  in  South 
Carolina  to  the  valley  of  the  Trinity  River  in  Texas,  and  north- 
ward along  the  bottoms  of  the  Mississippi,  .\rkansas,  Tennessee 
and  Ohio.  In  the  more  northern  part  of  its  range  it  inhabits 
swamp  borders  and  low  wet  swales. 

There  are  at  least  three  additional  existing  species  of  Liquidam- 
bar — one  Liquidambar  macrophylla  Oersted,  found  in  the  moun- 
tains of  Central  America,  while  the  other  two  are  asiatic.  Li- 
quidambar  fonnosana  Hance  is  found  on  the  island  of  Formosa 
and  in  southern  China,  and  the  other  separated  from  it  by  the 
whole  breadth  of  the  Asiatic  continent,  is  found  in  a  limited  area 
in  the  mountains  of  southwestern  Asia  Minor.  The  last  was 
named  Liqiiidmnbar  orientalis  by  Miller  and  is  the  source  of  the 
liquid  storax  of  commerce. 

This  disconnected  distribution  of  the  existing  species  of  Liq- 
uidambar,  which  can  be  better  appreciated  by  a  glance  at  the 
accompanying  map,  figure  1,  is  a  sure  indication  of  an  ancient 
lineage  and  a  former  occupation  of  the  intervening  areas  where  it 
is  now  extinct.  If  the  sweet  gum  stood  alone  in  having  such  a 
remarkable  range  its  interest  would  seem  much  greater,  but  since 
the  days  of  Asa  Gray's  American  Association  address  we  have 
become  accustomed  to  many  similar  ties  across  the  departed 
ages  that  formerly  connected  and  now  explain  the  near  kin  found 
in  Asia  and  North  America  exemplified  also  by  the  magnolia, 
sassafras,  coffee-bean  and  tulip  tree. 

Turning  to  the  fossil  record  we  find  that  about  twenty  extinct 
species  of  Liquidamhnr  have  been  described.  The  oldest  of 
these,  Liquidambar  inkgrif alius,  described  by  Lesquereux  from 
the  Upper  Cretaceous  Dakota  sandstone  of  Kansas  and  subse- 
quently identified  from  Canada,  Texas  and  South  America,  can- 
not be  looked  upon  as  the  Abraham  of  the  race  of  gums  for  un- 
fortunately for  our  story  its  coriaceous  and  entire-margined 
leaves  are  not  those  of  a  Liquidambar  but  i)robably  represent  a 
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species  of  Sterculia — a  tropical  genus  of  trees  that  was  very  com- 
mon in  Upper  Cretaceous  times  throughout  the  northern  hemi- 
sphere. The  same  comment  applies  to  an  early  Eocene  form 
described  from  France  by  Watelet,  a  student  of  the  fossil  floras 
of  the  Paris  Basin. 

The  oldest  known  authentic  form  is  found  in  the  upper  Eocene 
in  ( ireenland,  Alaska  and  Oregon.  This  hints  at  the  Arctic  region 
as  the  original  home  of  the  genus — a  not  improbable  hypothesis, 
although  one  for  which  the  evidence  is  not  conclusive,  since  the 
vast  and  almost  unknown  expanse  of  Asia  cannot  be  left  out  of 
the  reckoning,  ^\^lat  is  more  remarkable  is  the  fact  that  these 
ancestral  gums  of  three  or  more  million  years  ago  and  all  of  their 
numerous  descendants  are  so  like  the  sweet  gums  of  today. 
They  had  the  same  palmately  lobed  and  variable  leaves  with 
finely  toothed  margins,  and  this  resemblance  extends  even  to  the 
consistency  of  the  leaves.  Today  in  our  southern  rivers  the 
sweet  gum  leaves  are  the  first  to  decay  when  they  fall  in  the  water 
and  similarlj^  in  the  Pliocene  river  deposits  the  gum  leaves  are 
rarer  and  nearer  dissolution  than  the  leaves  of  their  associates. 
Judging  by  their  usually  fragmentary  condition  in  the  older 
rocks  this  characteristic  was  as  true  then  as  now. 

Let  us  emphasize  then  the  first  landmark  in  the  history  of  the 
sweet  gum,  namely  that  the  oldest  known  authentic  species  oc- 
curs in  the  late  Eocene  of  the  far  north  and  on  our  Pacific  coast 
in  Oregon  and  Alaska. 

Following  the  Eocene  is  the  period  of  earth  history  known  as 
the  Oligocene,  and  it  is  a  striking  commentary  on  the  imperfec- 
tion of  the  geological  record  that  the  only  known  Oligocene  spe- 
cies of  gum  is  recorded  from  Italy.  This  is  not  quite  as  bad  as 
it  seems  when  it  is  recalled  that  we  know  nothing  of  the  Oligo- 
cene history  of  Asia  and  that  in  North  America  the  Oligocene 
was  a  time  of  continental  mountain  basin  and  plains  deposits 
throughout  the  west  and  of  tropical  marine  deposits  along  the 
sor.thern  coasts,  in  neither  of  which  are  to  be  found  iiiany  traces 
of  the  terrestrial  vegetation  of  that  time. 

The  Oligocene  was  followed  by  Pliocene  times  and  these  for- 
tunately are  not  so  chary  with  their  evidence.     About  nine  spe- 
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Fig.  2 
(Three-fourths  natural  size) 
1-3.  Liquiclambar  europaeum  Alex.  Braun.    Variously  lobed  leaves  and  young 
fruits  from  the  upper  Miocene  of  Baden. 

4-6.  Liquidainbar   pliocaenieum  Geyler.    Waterworn   fruits   from   the  upper 
Pliocene  of  Germany. 

7  and  8.  Liquidambar  styraeiflua  Linne.     Leaf  and  fruit  from  the  Pleistocene 
of  North  Carolina. 
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cies  of  sweet  RXini  are  recorded  from  Miocene  rocks,  most  of  them 
surprisingly  like  the  modern  gum.  There  are  species  from  Japan 
on  the  east  and  from  southwestern  asiatic  Russia  on  the  west. 
The  European  records  are  innumerable  and  widely  distributed 
and  the  American  records  include  Oregon  and  Colorado.  If  the 
reader  will  turn  to  the  accompanying  plate  the  resemblance  of 
these  ancient  flowers,  fruits  and  leaves  to  those  of  today  will  be 
at  onee  apparent.  These  figures  are  taken  for  the  most  part 
from  the  wealth  of  remains  preserved  in  the  tiny  Miocene  lake 
of  Oeningen  on  the  Swiss  border  of  Baden,  and  the  leaves  show 
the  same  variation  of  three,  four,  five  or  more  lobed  forms  such 
as  can  be  matched  today  in  any  southern  swamp. 

The  ]\Iiocene  was  followed  by  the  Pliocene  and  the  gums  were 
still  cosmopolitan  in  the  northern  hemisphere  so  that  it  is  easy 
to  see  why  their  distribution  is  what  we  find  it  to  be  at  the  pres- 
ent time.  Pliocene  gums  have  been  found  at  very  many  localities 
throughout  central  and  southern  Europe  as  well  as  on  our  At- 
lantic coast.  I  have  reproduced  a  worn  gum  ball  collected  from 
the  Pliocene  deposits  along  the  Main  River  in  Germany  on  the 
accompanying  plate,  and  the  fruits  found  in  the  late  Pliocene  of 
Holland  are  indistinguishable  from  those  of  the  existing  species 
of  Asia  Minor. 

The  Pliocene  was  followed  by  the  Pleistocene  or  Cilacial  time 
and  the  gums  found  fossil  in  this  comparatively  recent  geological 
period  include  traces  of  the  existing  Formosa  and  south  China 
species,  which  then  still  flourished  in  Japan,  and  the  abundant 
leaves  and  fruits  of  the  existing  red  gum  which  have  been  found 
in  West  Virginia,  North  Carolina  and  Alabama.  A  leaf  and 
fruit  from  the  Pleistocene  swamp  deposits  along  the  Neuse  River 
in  North  Carolina  are  shown  on  the  plate. 

That  the  gums  which  were  so  abundant  throughout  Europe  in 
the  late  Tertiary  should  have  been  entirely  exterminated  by  the 
glacial  conditions  while  they  survived  in  North  America  and 
Asia  seems  strange  but  is  readily  understood  when  it  is  recalled 
that  high  mountains  and  seas  from  the  Pyrenees  to  the  Caucasus 
made  it  impossible  for  the  gums  to  escape  southward  to  more 
genial  climes  and  to  return  to  the  northward  again  when  the  cold 
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stages  were  past,  as  was  possible  in  both  Asia  and  North  America. 
The  gum  was  only  one  of  the  many  forest  trees  of  the  European 
Tertiary  that  met  this  fate.  The  witch  hazel,  tulip  tree,  hickory, 
walnut,  magnolia,  and  many  others  shared  the  same  misfortune. 
By  way  of  contrast  with  the  present  distribution  of  the  sweet 
gum  the  accompanying  map  shows  the  Tertiary  occurrences,  thus 
illustrating  something  of  the  past  history  as  it  has  just  been 
related. 

The  record  of  the  sweet  gum  ancestry  does  not  go  back  so  far 
nor  is  it  as  detailed  as  that  of  many  of  our  forest  trees,  but  it 
does  cover  several  miUion  years  and  all  of  the  continents  of  the 
northern  hemisphere,  and  it  is  surely  impressive  when  we  recall 
that  while  we  have  collected  the  gum  balls,  as  the  fruits  are  com- 
monly called,  admired  the  shape  of  the  leaves  and  their  autunmal 
tints,  it  remained  for  the  twentieth  century  to  discover  the  beauty 
of  the  wood  and  utilize  it  for  interior  finishing. 

The  witch  hazel  is  closely  related  to  the  sweet  gum  but  is 
sharply  contrasted  with  it  in  size,  in  leaf  habit,  in  flowers  and 
fruits.  .  It  is  small  and  elfish  of  stature,  with  zig-zag  branches, 
coarse  prominently  veined  simple  leaves,  bilocular  woody  cap- 
sules with  large  bony  seeds,  and  fringe-like  bright  j-ellow  flowers. 
Blooming  in  the  winter  it  is  a  favorite  topic  for  discussion  whether 
the  witch  hazel  is  the  last  flower  of  fall  of  the  first  flower  of  spring. 
The  persistence  of  the  fruit  of  the  previous  season  until  the  flow- 
ering time  comes  around  again  has  suggested  the  scientific  name 
of  the  genus  Hamamelis,  derived  from  the  Creek  words  a^a, 
with,  and  ix^\ov,  fruit. 

The  witch  hazel  is  an  altogether  different  plant  from  the  old 
saxon  witch  or  wych  hazel,  a  name  applied  to  the  conuuon  Euro- 
pean hazel  nut  which  was  Thor's  tree  and  a  magic  tree  as  well. 
Opinions  differ  as  to  the  origin  to  the  fact  that  the  twigs  were 
long  reputed  to  have  magic  properties  as  divining  rods—not, 
however,  for  the  discovery  of  witches,  but  to  locate  water,  oil  or 
precious  minerals.  Others  see  the  origin  of  the  name  in  the  once 
considered  mysterious  bombardment  of  seeds  from  the  per- 
sistent fruits.  WTien  the  yellow  pennants  of  the  witch  hazel  are 
uncoiled  and  the  November  woods  are  tinged  with  a  yellow  halo 
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by  the  millions  of  crinklj'  petals,  last  seasons  woody  capsules  are 
opened  and  loaded  and  ready  to  bombard  the  loiterer  in  the  woods 
with  their  doubled  barrelled  load  of  hard  bony  seeds.  With  the 
contraction  of  the  walls  of  the  capsule  in  drying  the  seeds  are 
suddenly  and  forcibly  expelled  a  distance  of  a  score  of  feet  or 
more. 

There  are  three  existing  species  of  witch  hazel  and  their  dis- 
tribution confirms  the  story  learned  from  that  of  the  sweet  gum. 
Our  North  American  form  ranges  from  the  marithne  provinces  of 
Canada  westward  up  the  St.  Lawrence  valley  through  southern 
Ontario  to  Wisconsin  and  eastern  Nebraska,  and  southward  to 
northern  Florida  and  eastern  Texas.  It  thus  extends  much 
farther  north  than  the  sweet  gum  and  unlike  the  latter  it  reaches 
its  largest  size  on  the  slopes  of  the  higher  Alleghanies  in  the  Caro- 
linas.  The  wood  is  too  small  to  be  of  any  particular  use.  The 
witch  hazel  is,  however,  often  cultivated  as  an  ornamental  plant 
in  our  northern  states  and  in  northern  and  western  Europe,  be- 
cause of  its  odd  habit  of  blooming  in  the  fall  and  winter,  a  habit 
shared  by  the  oriental  species.  The  bark  and  leaves  are  slightly 
astringent  and  although  without  any  known  essential  properties 
are  largely  used  in  homoepathic  practice,  and  the  extract  made 
by  distilling  the  bark  in  dilute  alcohol  is  extensively  sold  as  a 
toilet  water. 

The  two  other  existing  species  of  witch  hazel  are  Asiatic — one, 
Hammelia  japonica  S.  &  Z.  being  found  in  the  mountains  of  Japan 
(Kiusiu  and  Nippon)  and  southern  China  (Kiangsi  and  Hupeh). 
Thus  all  the  witch  hazels  are  essentially  small  mountain  trees 
or  shrubs  and  not  bottom  dwellers  like  the  sweet  gum. 

While  we  are  sure,  from  their  present  distribution,  that  the 
witch  hazels  of  today  are  the  relics  of  an  ancient  line,  we  know 
little  of  their  geological  history.  In  the  mid-Cretaceous  of  North 
America  a  number  of  leaves  have  been  found  which  have  been 
described  under  the  name  of  Hamamelites  (Saporta).  Some  of 
these  are  very  like  witch  hazel  leaves  but  whether  they  are  verit- 
able witch  hazels  or  represent  some  other  members  of  this  family 
it  is  impossible  to  determine  conclusively.  Other  related  forms 
occur  in  the  early  Eocene  of  Belgium,  Irance  and  Montana.     A 
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petrified  wood  that  is  closely  related  to  if  it  is  not  true  witch 
hazel  wood  {Hamamelidoxylon)  has  been  described  from  the  mid- 
Cretaceous  of  France  and  flowers  {Hamamelidanthium)  are  pre- 
served in  the  Baltic  amber  (Lower  Oligocene).  Finally  unmis- 
takable witch  hazel  leaves  occur  in  the  Pliocene  of  the  Auvergne 
(Cantal)  so  that  we  know  that  the  witch  hazel  was  present  in 
Europe  in  pre-glacial  times  although  it  became  entirely  extinct 
on  that  continent  during  the  period  of  glaciation. 
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The  plant  life  found  on  the  beach  of  a  large  body  of  water 
between  the  lines  of  high  and  low  water  forms  a  very  distinct 
plant  association.  It  varies  little  for  long  periods  of  time,  and 
yet  is  onlj'  a  stage  in  the  development  of  the  vegetation.  It  con- 
sists of  plants  that  are  able  to  survive  under  adverse  conditions; 
such  as  extreme  drought,  submersion,  action  of  winds  and  waves, 
and  the  scraping  of  ice,  logs  and  floating  debris  at  times  of  high 
water. 

The  difference  in  level  of  Flathead  Lake,  Alontana,  at  times 
of  high  and  low  water  is  very  great.  In  1916  the  high  water 
mark  was  reached  on  July  4.  It  lacked  about  four  feet  of  the 
high  water  mark  of  1894.  The  total  rise  from  June  16  to  July 
4  was  60.5  inches.  The  water  began  to  fall  on  July  5  varying 
from  1  to  5  inches  a  day.  On  August  3,  there  had  been  a  total 
fall  of  89  inches.  For  the  entire  season  the  difference  between 
high  and  low  water  mark  was  160  inches. 

From  the  record  of  this  season  it  can  be  seen  that  the  shore 
plants  had  no  chance  to  begin  growing  until  midsummer.  Some 
were  killed  from  remaining  too  long  under  water.  Every  high- 
water  year  many  acres  of  low-lying  meadow  and  swamp-thicket 
are  submerged. 

The  shore  successions  are  of  both  xerophytic  and  hydrophytic 
types,  the  same  kind  of  climax  forest  results  from  either.  Wliere 
there  is  not  enough  moisture  for  a  forest,  a  prairie  formation  is 
developed,  as  on  the  south  and  west  sides  of  the  lake  and  part  of 
Wild  Horse  Island. 

The  altitude  of  Flathead  Lake  is  2916  feet;  the  .plant  life  is 
that  of  the  Transition  Zone.  The  prevailing  type  of  forest  is 
the  Douglas  fir — western  larch  forest.     Beside  these  dominant 
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Fig.  1.  A  porliun  of  the  swuiiip  at  the  lower  end  of  Flathead  Lake,  The  water 
here  is  very  shallow,  becoming  shallower  in  the  distance,  until  it  terminates  in  a 
mud  flat  and  extensive  meadow.  In  high  water  this  portion  of  the  lake  is  from  ten 
to  seventeen  feet  deeper  than  shown  in  the  picture.     (Photograph  by  Elrod.) 
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Fig.  2.  Gravel  beach  cast  of  the  Biological  Station,  -li.  ,    i  j  :  i   u  willow 

and  dogwood.     Douglas  fir  and  larch  forest  in  the  background.     This  beach  is 
submerged  early  in  the  season.     (Photograph  by  Elrod.) 
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trees,  there  are  several  others;  yellow  pine,  lowland  fir,  birches, 
Cottonwood,  hawthorne,  maple,  alder,  and  juniper.  The  islands 
are  covered  with  the  same  kind  of  forest. 

In  some  places  the  forest  reaches  to  the  very  edge  of  the  rock 
cliffs  which  rise  abruptly  from  the  water  of  the  lake;  between 
the  rocky  points,  some  of  the  bays  are  filled  with  extensive  swamp 
meadows.  East  of  Poison  at  the  south  end  of  the  lake  is  a  large 
swamp.  At  the  head  of  the  lake  the  delta  of  the  Flathead  River 
extends  for  a  long  distance  and  here  there  are  sandy  beaches. 
The  swamps  merge  into  meadows,  and  are  backed  by  swamp 
thickets  of  alder,  dogwood,  birch  and  willows.  With  these  ex- 
ceptions the  stony  beach  is  practically  continuous  around  Flat- 
head Lake  and  around  the  islands. 

The  successions  of  shore  vegetation  may  be  classed  as  follows: 

Xerophytic.  A,  The  rock  shore  succession;  B,  the  stony  beach 
succession. 

Hydrophytic.  A,  The  swamp  meadow  succession;  B,  the 
delta  swamp  succession. 

All  these  successions  result  finally  in  the  climax  forest  and  the 
transitional  stages  can  be  traced. 

^4.  The  rock  shore  succession 

The  first  plants  to  appear  upon  the  rocks  are  the  lichens. 
The  crevice  plants  are  next  to  appear,  followed  by  mosses  and 
ferns.  If  the  rocks  are  at  a  steep  angle  and  exposed  to  wind  and 
waves  the  development  is  very  slow.  One  of  the  most  interesting 
of  crevice  plants  is  a  little  blue  \aolet  seen  in  the  cracks  of  the 
bare  rocks  at  Idlewilde  and  some  of  the  other  islands.  It  also 
grows  among  the  stones  on  the  beach.  The  Jacob's  ladder  is  a 
conspicuous  rock  plant  and  with  it  grows  a  small  hairy  mustard, 
Arabis  hirsuta,  and  the  brittle  fern,  Cystopteris  fragilis.  When  a 
certain  amount  of  soil  has  been  formed  the  kinnikinnick  takes 
possession  and  forms  a  solid  heath  mat.  This  is  followed  by 
various  woody  shrubs;  roses,  gooseberries,  currants,  ninebark, 
and  buffalo  berry.  As  the  forest  plants  increase  tree  growth 
begins. 
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The  crevice  plants  common  along  the  shores  of  the  lake  are: 

Polemonimum  humile  R  &  S. 

Arabis  hirsuta. 

Artemisia  discolor  Dougl. 

Cerastium  alpinum  L. 

Sedum  stenopetalum  Pursh. 

Heuchera  cylindrica  var.  glabella  T.  &  G.   =  H.  glabella. 

Viola  adunca  Smith. 

Geum  triflorum  Pursh. 

ErigeTon  speciosus  DC. 

Pentstemon  spp. 

Aster  spp. 

Arctostaphylos  uva-ursi  L.  is  the  most  important  plant  in  form- 
ing the  heath  mat  and  holding  moisture.  Berberis  repens  Lindl. 
soon  gets  a  foothold.  These  two  are  also  pioneer  plants  in  the 
stony  beach  succession.  The  shrubs  are  also  much  the  same  in 
both  successions.     The  common  shrubs  are: 

Shepherdia  canadensis  (L)  Nutt. 

Opulaster  opulifolius  var.  pauciflorus  T.  &  G. 

Symphoricarpos  occidentalis  Hook. 

Acer  glabrum  Torr. 

Amelanchier  alnifolia  (Nutt)  T.  &.  G. 

Philadelphus  lewisii  Pursh. 

Betula  occidentalis  Hook.     On  the  beach. 

Alnus  tenuifolia  Xutt. 

Prunus  demissa  Nutt. 

Corniis  stolonifera  Michx. 

Symphoricarpos  racemosus  Michx. 

Holodiscus  ariaefolia.  (Smith)  Green. 

Ribes  saxosum  Lindl. 

Ribes  irriguum  Dougl. 

Ribes  cereum  Dougl. 

Rosa  nulkana  Presl. 

Rosa  pisocarpa  Gray. 

B.  The  stony  beach  succession 

The  beach  is  composed  of  rounded  water-worn  rocks  of  all 
sizes  from  large  boulders  to  the  small  pebbles  of  the  gravel 
beaches.  Between  these  stones  many  i)lants  find  a  foothold 
and  some  large  trees. 
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The  beach  trees  are : 

Populus  trichocarpa  (Hook)  T.  &  G. 

Crataegus  douglasii  Lindl. 

Alnus  tenuifolia  (L)  Nutt. 

Cornus  stolonifera  Michx. 

Betula  occidentalis  Hook. 

Betula  alba  L. 

Salix  lasiandra  Beuth. 

Salix  fluviatilis  Nutt. 

Pinus  ponderosa  Dougl. 

Juniperus  virginiana  L. 

The  juniper,  commonly  called  red  cedar,  is  the  most  character- 
istic tree  of  the  Flathead  Lake  shore,  growing  on  all  the  islands. 
Some  of  the  old  trees  are  making  a  hard  struggle  for  life.  Their 
crooked  branches  have  been  beaten  by  the  storms  of  many  winters 
and  their  roots  have  been  exposed  by  the  scraping  of  ice  and  logs. 
There  are  large  yellow  pines  growing  on  the  beach  in  many 
places.  It  seems  reasonable  to  suppose  that  these  trees  are  sur- 
vivals of  a  time  when  the  present  shore  was  above  high  water 
mark.  It  would  be  impossible  for  seedlings  of  either  pine  or 
juniper  to  get  a  start  under  present  beach  conditions.  This  may 
be  due  to  climatic  changes  affecting  the  precipitation  of  the 
region.  The  climax  forest  has  advanced  to  its  limit  of  extension 
under  the  present  conditions.  The  pioneer  plants  of  the  stony 
beach  succession  are  much  the  same  as  in  the  rock  shore  suc- 
cession. The  shrubs  are  also  the  same.  Rhus  toxicodendron  L. 
is  common,  spreading  over  the  stony  beaches  and  back  into  the 
woods.  Oenothera  biennis  L.  and  Asclepias  speciosa  Torr.  have 
made  their  appearance  on  the  shores  and  now  seem  quite  at  home. 
Helenium  autumnale  L.  is  one  of  the  showiest  of  the  beach  plants. 
The  purple  spikes  of  the  false  dragon  head,  Physostegia  parviflora, 
contrast  well  with  the  yellow  wheels  of  Steironema  ciliatum. 

The  following  plants  were  noted  on  the  beach  at  Safety  Bay  on 
August  7 : 

Erigerun  speciosus  DC. 
Pentstemon  acuminatus  Dougl. 
Balsamorrhiza  saggiltata  Nutt. 
Lupinus  ornatus  Dougl. 
Chrysopsis  villosa  (Pursh)  Nutt. 
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Allium  cernuum  Roth. 

Galiuin  boreale  L. 

Vicia  americana  Muhl. 

Aster  laevis  L. 

Castilleja  miniata  Dougl. 

Olycyrrhiza  lepidota  Nutt. 

Anaphalis  margariiacea  Gray. 

Motiarda  menthcefolia  Graham. 

Sisymhrium  incisum  Eng. 

Campanula  rotundifolia  L. 

Calochorlus  apicxdatus  Baker.     (Dried  seed  pod.) 

Cymopterus  longipes  Wats. 

Frilillaria  pudica  Spreng.     (Dried  seed  pod.) 

Apocynum  androsaemifoliym  L. 

Epilobium  adenocaulon  Haussk. 

Lithospermum  ruderale  Dougl. 

Rumex  pensicarioidcs  L. 

Gaillardia  aristala  Pursh. 

Artemisia  discolor  Dougl. 

Aster  occidentalis  Nutt. 

Viola  adunca  Smith. 

Epilobium  spicatum  Rydb. 

Arctoslaphylos  uva-ursi  (L.)  Spreng. 

Berberis  repens  Lindl. 

Mentha  arvensis  var.  glabrata  Bth. 

Solidago  occidentalis  (Nutt.)  T.  &  G. 

Prunella  vuti/aris  L. 

Spiraea  lucida  Dougl. 

At  Yellow  Bay  most  of  the  plants  in  the  preceding  list  are  found. 
Poison  ivy  covers  a  portion  of  the  beach  near  the  point.  Equi- 
setum,  speedwell,  spring  cress,  Canada  mint  and  buttercups, 
steironcma  and  yellow  monkey  flower  appear  on  the  small  mud 
flats  as  the  water  goes  down.  Ranunculus  flammula  var.  inter- 
medius  is  a  slender  little  buttercup  growing  nearly  e\erywhere 
along  the  shores  of  the  lake. 

Salix  fluviatilis  Nutt.  is  the  first  shrub  to  appear  on  the  sand 
bars  and  muddy  banks.     In  such  places  arc  found: 

Mimulus  langsdorfii  Donn. 
Ranunculus  douglasii  Howell. 
Ranunculus  acriformis  Gray. 
Halerpestes  cymbalaria  Pursh. 
Veronica  serpyllifolia  L. 
Vcrotiica  scutellata  L. 
Veronica  pcregrina  L. 
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Sagittaria  arifoUa  Nutt.  covers  the  mud  flats  at  the  mouth 
of  Swan  River.  At  Lakin's  Point  was  found  Dodecatheon  meadia 
var.  pauciflorum  and  Spiranthes  romanzoffiana.  On  the  shore  of 
the  river  below  the  old  club  house  Isoetes  Howellii  was  fairly 
abundant. 

A .  Swamp  meadow  succession 

The  swamps  and  meadows  at  the  head  of  the  lake,  in  the  bays 
on  the  west  side,  and  at  the  foot  of  the  lake,  include  very  many 
plants  of  the  foregoing  lists.  The  meadows  are  submerged  at 
high  water  and  in  addition  to  the  meadow  grasses  have  several 
species  of  swamp  grasses,  rushes  and  sedges. 

On  August  7  the  following  were  noted  in  the  swamp  west  of 
the  islands: 

Carex  vesicaria  L. 
Juncus  ballicus  Willd. 
Eleocharis  palusiris  (L)  R  &  S. 
Glyceria  sp. 
Scirpus  lacustris  L. 
Cardamine  spp. 

Ilysanthes  dubia  (L.)  Barnhart. 
Mimulus  langsdorfii  Donn. 
Ranunculus  unalaschensis  Bess. 

Here  there  were  large  trees  of  quaking  asp  and  the  willows 
formed  clumps  on  the  north  side  of  the  meadow.  The  common 
willows  are: 

Salix  scouleriana  Barratt. 

Salix  lasiandra  Beuth. 

Salix  cordaia  var.  mackenziana  Barratt. 

Salix  rostrata  Rich. 

Salix  Jluviatilis  Nutt. 

These  swamp  plants  were  found  near  the  mouth  of  Swan  River. 

Sium  cicutaefolium  Gmel. 
Alisma  planiago  L. 
Sagittaria  arifolia  Nutt. 
Equisetum  fluuiatile  L. 
Sparganium  androcladum  Eng. 
Triglochin  maritima  L. 
Scutellaria  galericxdata  L. 
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Myriophyllum  verlicillalum  L. 
Rammculus  aquatilis  var.  capillaceus. 
Ranunculus  aquatilis  var.  caespitosus. 
Mentha  canadensis  L. 

Lysichiton  kamtschatcensis  Schott.  grows  in  the   dark  willow 
thicket  at  the  back  of  the  swamp. 
At  Poison  swamp  w'ere  noted: 

Potentilla  paluslris  L.  Scop. 

Menyanthes  Irifoliata  L. 

Acorus  calamus  L. 

Allium  schoenoprasum  Wats. 

Gratiola  virginiana  Benth. 

Typha  latifolia  L. 

Hypericum,  canadense  var.  borealc  Britton. 

Carex  conjuncta  Boott. 

Juncus  acuminatus  Mx. 

Scirpus  microcarpus  Presl. 

Juncus  balticus  var.  litloralis  Eng. 

Ilippuris  vulgaris  L. 

B.  The  delta  swamp  succession 

■\^'here  the  Flathead  River  enters  the  lake  it  has  formed  a  long 
delta  of  sand  and  river  silt.  For  a  little  distance  the  sandy  points 
are  destitute  of  vegetation,  then  the  sandbar  willow,  Salix  flu- 
viatilis  appears.  The  pioneer  plants  on  the  delta  sand  are  about 
the  same  as  those  found  on  the  stony  beaches;  when  a  layer  of 
soil  has  been  formed  the  shrubs  come  in,  such  as  service-berry, 
choke-cherry,  roses,  ninebark  and  willows  of  several  kinds,  ^^^le^e 
the  delta  is  high  enough  there  is  a  good  growth  of  cottonwood, 
hawthorne,  quaking  asp  and  birch.  From  the  mountain  top  the 
delta  looks  like  a  long  tongue  of  trees  reaching  out  into  the  lake. 
It  furnishes  an  excellent  example  of  the  filling-iu  process. 

Salt  L.\ke  City,  Utah. 
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Conditions  Affecting  the  Potentiality  of  the  Seed. — Kidd 
and  West  have  written  a  series  of  thoughtfully  critical  papers'  which 
have  placed  all  botanists  under  obligations  to  them  for  another 
piquant  discussion  of  fundamental  importance.  It  is  gratifying  to 
note  the  increase  in  such  resume's  which  have  come  in  recent  years 
from  the  pens  of  our  British  colleagues.  Their  disussions  are  singu- 
larly refreshing  because  they  deal  with  fundamental  questions  instead 
of  the  unessential,  though  less  difficult  questions  usually  studied. 

An  apt  quotation  will  illustrate  this  point.  "A  few  fundamental 
principles  are  necessary  for  the  study  of  growth  and  development. 
These  are  conspicuous  by  their  absence  in  existing  te.xt-books  of  plant 
physiology,  which  excel  in  the  assemblage  of  interesting  curiosities 
and  of  uncorrelated  details.  The  phenomena  of  normal  growth  seem  to 
call  for  further  studj'  and  for  the  application  of  mathematical  treat- 
ment. Even  a  clear  grasp  of  the  general  conception  of  the  compound 
interest  law  of  development,  at  once  greatly  simplifies  the  handling  of 
problems  of  physiological  predetermination  and  of  growth." 

The  main  part  of  their  discussion  deals  with  the  published  results  of 
other  workers,  and  upwards  of  200  titles  are  found  in  their  bibliography. 
Their  own  experuncmtal  work  is  only  what  seemed  necessary  to  fill 
the  most  serious  gaps.  The  aims  of  the  writers  are  clearly  stated  in 
their  opening  sentences.  "In  a  survey  of  the  literature  of  the  last 
fifty  j-ears  dealing  with  the  seed  it  is  interesting  to  note  that  atten- 
tion has  been  almost  entirely  concentrated  upon  the  question  of  germi- 
nation. The  effect  upon  germination  of  every  manner  of  treatment 
and  of  every  sort  of  condition  has  been  investigated  in  the  case  of  the 
seeds  of  a  great  range  of  cultivated  and  wild  plants." 

"In  only  a  verj'  few  cases  has  attention  been  directed  upon  the 
question  suggested  by  the  title  of  this  paper,  namely,  as  to  how  far 
the  physiological  condition  of  the  plant  in  the  seed-stage  (i.e.,  in  mat- 

'Kidd,  F.  and  West,  C.  Physiological  i)r('dt'ti,'rniiiiation:  the  influence  of  the 
physiological  condition  of  the  seed  upon  the  course  of  subsequent  growth  and 
upon  the  yield.  Annals  of  Appl.  Biol.,  5:  1-10;  112-142;  1.57-170;  220-251. 
1918-1919.     6:1-26.     1919. 
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uration,  dormancy,  and  germination)  may  exert  a  predetermining  influ- 
ence upon  the  whole  subsequent  course  of  growth  and  development. 
It  is  obvious  from  the  point  of  view  of  crop  production  that  this  ques- 
tion as  to  the  equality  and  size  of  the  plants  produced  from  any  sample 
of  seed  may  be  even  more  important  than  the  question  as  to  what 
percentage  of  the  seed  is  capable  of  germination." 

The  problem  as  outlined  and  discussed  here  is  seen  to  be  one  of 
great  scientific  and  economic  importance. 

Soaking  seeds  in  water  for  periods  varying  from  6  to  24  hours  was 
shown  to  have  profoundly  harmful  effects  upon  the  subsequent  growth 
of  certain  plants.  Differences  existed  which  would  often  vitiate  the 
results  of  an  experiment. 

The  effect  of  parental  conditions,  of  harvesting  conditions,  and  of 
conditions  during  the  germination  and  seedling  stages  of  the  plant  are 
critically  discussed.  The  importance  of  the  "compound  interest" 
law  as  a  means  of  expressing  the  growth  of  a  plant  is  pointed  out.  It 
appears  that  there  are  two  main  factors  detcnnining  the  final  j-ield 
(a)  the  initial  "capital,"  and  (b)  the  "rate  of  interest."  The  first 
of  these  is  a  great  predetonnining  factor  and  is  not  modified  bj^  sub- 
sequent environmental  conditions,  but  the  other  factor  may  be  some- 
what affected  by  such  conditions. 

The  selection  of  vigorous  seedlings  is  matter  of  common  practice 
yet  little  is  known  whether  the  vigor  of  the  seedling  is  correlated  with 
a  vigorous  adult.  "The  critical  question  is  therefore — Can  we  pro- 
pound a  law  to  the  effect  that  increased  vigor  of  seedling  development 
due  to  environmental  conditions  as  distinct  from  hereditary  causes,  is 
correlated  with  increased  vigor  of  growth  throughout  the  life  of  the 
plant  and  with  increased  yield  independently  of  the  subsequent  environ- 
mental conditions? 

These  and  other  questions  are  discussed  in  a  spirit  which  cannot 
fail  to  be  stunulating  to  all  further  work  in  this  important  field. — 
H.  S.  Rked. 

The  Cycads.— Recently  another  addition  has  been  made  to  the 
University  of  Chicago  Science  Series  under  the  title  The  Living  Cycads.* 
The  text  is  divided  into  three  parts.  Part  I  gives  the  distribution  of 
the  living  cycads,  and  is  made  very  interesting  reading  by  the  inclu- 

1  Chamberlain,  Cliarlos  J.  Tlu>  Living  Cycads.  University  of  Chicago  Press. 
1919  ($1.50). 
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sion  of  many  general  observations  incident  to  the  extensive  investiga- 
tions of  the  author  in  Mexico,  Australia,  New  Zealand  and  Africa; 
Peirt  II  describes  the  life  history  of  the  cycads,  and  Part  III  treats  the 
phylogeiiy  and  evolution  of  the  group.  The  language  used,  even  in 
the  chapters  dealing  with  the  life  history,  is  so  clear  and  simple  that 
the  average  educated  person  can  grasp  it.  Nearly  one  hundred  well- 
chosen  photographs  and  drawings  serve  to  elucidate  the  text.  The 
publication  is  to  be  followed  by  a  more  extensive  account  of  the  author's 
research  on  the  morphology  of  the  cycads. — J.  G.  Brown. 


NOTES  AND  COMMENT 

With  this  issue  The  Plant  World  ceases  to  appear  under  its  pres- 
ent name  and  management.  The  subscription  Hst  and  good  will  of 
the  journal  have  been  transferred  to  the  Ecological  Society  of  America, 
and  it  will  continue  to  appear  as  a  quarterly  under  the  title  Ecology. 
The  number  of  pages  pulilished  per  annum  in  quarterlj'  form  will  be  as 
great  as  heretofore  under  monthly  appearance.  As  the  Editorial  Board 
of  the  Ecological  Society  aims  to  use  the  new  journal  as  a  reflection  of 
the  science  of  ecology  in  its  broadest  aspects,  the  readers  of  The  Plant 
World  may  expect  to  find  in  Ecology  papers  covering  all  phases  of  the 
ecology  and  physiology  of  plants,  as  well  as  the  added  feature  of  papers 
dealing  with  animal  ecology. 

The  desirabilitj-  of  the  publication  of  a  journal  by  the  I'>ologicaI 
Societj'  led  to  the  suggestion  that  The  Pl.\nt  A\'orld  be  made  the 
organ  of  the  Societj'.  Under  its  present  name,  however,  it  was  im- 
possible to  indicate  the  including  of  animal  ecology  in  its  scope.  Since 
it  was  necessary  to  change  the  name  of  the  journal  it  was  obviously 
desirable  to  start  with  a  new  series  of  volume  numbers.  In  spite  of 
these  rather  profovmd  outward  changes  it  is  hoped  that  the  many 
friends  of  The  Plant  World  will  look  upon  the  new  journal  as  a  con- 
tinuation of  the  old  one,  now  enjoying  the  support  of  a  well  established 
society  and  deriving  its  papers  from  a  larger  circle  of  workers. 

It  has  been  arranged  that  all  subscribers  who  have  paid  in  advance 
for  1920,  or  any  part  of  the  year,  will  I'eceive  Ecology.  If  there  should 
be  any  pereons  to  whom  this  arrangement  is  not  acceptable,  they 
should  notifj'  Dr.  C.  Stuart  Gager,  Business  Manager,  Brookljii 
Botanic  Garden,  Brooklyn,  N.  Y. 

The  members  of  the  Plant  World  Association  who  have  been  finan- 
cially interested  in  the  journal  will  continue  their  organization  under 
the  name  The  Plant  A\'orld  Companj\  All  requests  for  volumes  and 
single  numbers  of  The  Plant  World  should  be  addressed  to  The 
Plant  World  Company,  Tucson,  Arizona.  Regarding  the  future 
handling  of  the  line  of  scientific  apparatus,  books,  separates  and  other 
publications  which  have  been  sold  by  The  Plant  World,  rcadere  are 
referred  to  an  announcement  in  the  advertising  pages  of  this  issue. 
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J.  Smcaton  Chase's  recently  issued  Ijook,  California  Desert  Trails 
(Houghton,  r^Iifflin  Company),  is  not  a  scientific  treatise, — in  fact  the 
author  expressly  disclaims  the  title  of  botanist,  or  even  the  more 
indefinite  one  of  naturalist.  Nevertheless  the  professional  student 
will  find  in  it  much  valuable  information  concerning  the  ecology  and 
floristics  of  this  interesting  region,  presented  in  imtechnical  language, 
but  giving  evidence  of  careful  observation  and  happily  without  falling 
into  the  slips  which  render  some  books  of  this  class  distasteful  to 
scientific  readers.  The  author  has  not  only  a  quick  sympathy  for  the 
varied  aspects  of  the  desert,  but  he  sees  them  with  an  accurate  dis- 
cernment and  portrays  them  faithfully  and  with  a  delightful  literary 
skill.  His  pages  reflect  the  illusive  but  compelling  charm  which  the 
desert  holds  for  those  who  are  intunate  with  its  austere  beauty.  We 
commend  them  to  any  who  wish  to  form,  or  to  recall,  a  picture  of 
the  California  desert  and  its  inhabitants  as  nature  forms  them.  The 
full-page  illustrations,  of  which  there  are  32,  graphically  representing 
desert  scenery  and  plants,  add  to  the  interest  of  the  text,  and  a  de- 
scriptive appendix  will  enable  nature  students  to  determine  many  of  the 
commoner  species. — S.  B.  Parish. 
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